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PREFACE 

Graphic  methods  are  rapidly  superseding  older  methods  because  they 
are  superior  in  two  ways.  They  can  accomplish  the  same  results  more 
quickly  and  with  less  chance  of  error  than  was  formerly  possible,  and 
they  often  produce  results  which  are  very  valuable  and  which  have  not 
been  achieved  at  all  by  other  means.  As  examples  out  of  many  that 
could  be  cited,  note  the  almost  incredible  labor-saving  features  of  the 
logarithmic  chart  whereby  curves  of  many  forms  and  any  degree  may 
be  plotted  as  straight  lines.  The  tabulation  of  data  following  parabolic 
laws,  which  formerly  required  days  of  laborious  calculation,  can  now 
be  done  in  a  few  minutes  by  a  draftsman  who  does  not  even  have  to 
understand  the  mathematics  of  the  process.  Consider  further  what 
charts  have  done  to  visualize  figures;  relative  quantities  can  be  grasped 
through  optical  means  with  a  comprehensiveness  that  is  not  even  ap- 
proached in  any  other  manner,  for  to  our  instinctively  accurate  con- 
ceptions of  magnitude  as  they  appear  to  the  eye  a  chart  appeals  with 
unique  force.  In  the  analysis  of  certain  statistics  the  work  that  has 
been  done  with  semi-logarithmic  and  trilinear  diagrams  has  proved  to 
be  of  the  greatest  value. 

Strange  to  say,  nearly  everyone  who  uses  charts  does  so  on  a  very 
limited  acquaintance  with  the  general  subject.  Most  people  are 
familiar  with  only  a  few  kinds  of  charts,  but  there  are  many  forms  of 
which  they  could  avail  themselves  and  which  offer  extraordinary  oppor- 
tunities for  saving  their  labor  while  multiplying  their  achievements. 
As  an  instance,  the  trilinear  chart  is  almost  unknown  in  the  United 
States,  yet  its  principles,  and  many  applications  thereof,  were  an- 
nounced over  twenty-five  years  ago.  This  book  is  the  result  of  an  effort 
to  correct  this  g:eneral  situation. 

The  ultimate  theory  of  charts  is  mathematical,  and  often  deeply 
mathematical;  but,  without  in  the  least  attempting  to  decry  the  theory, 
or  knowledge  of  profoundest  theory,  it  is  a  fact  that,  once  given  the 
properly  ruled  paper,  nine-tenths  of  the  practical  work  done  with  charts 
may  be  accomplished  without  knowledge  of  its  true  mathematical  in- 
wardness. If  mathematics  were  necessary  to  the  use  of  charts  most  of 
the  people  who  now  employ  them  would  have  been  without  their  help. 

Charts,  then,  enable  us  to  do  a  great  deal  of  mathematical  work  with- 
out the  mathematics.  With  a  view  to  the  requirements  of  the  semi- 
technical  reader,  the  author  in  preparing  these  pages  has  kept  the  ex- 
planations of  how  to  make  and  use  charts  largely  free  from  heavy  theory. 
Nevertheless,  whenever  it  has  seemed  necessary  to  go  into  theory-  for 
the  purposes  of  clear  exposition  this  has  been  done. 

If  this  book  results  in  a  wider  knowledge  of  this  superb  method  and 
tends  to  broaden  the  field  of  graphic  application  its  purpose  will  be 
amply  fulfilled  and  will  have  succeeded  here  and  there  in  causing  ''two 
blades  of  grass  to  grow  where  one  grew  before. 


iv  PREFACE 

The  author  desires  to  make  the  most  grateful  acknowledgment  of 
his  indebtedness  to  those  writers  in  engineering  periodicals,  and  in  the 
proceedings  of  technical  societies,  who  have  presented  to  their  profes- 
sion within  the  last  few  years  such  a  wealth  of  material.  He  also  feels 
that  he  owes  a  very  special  debt  of  gratitude  to  the  editors  of  the 
technical  magazines  who  so  generously  allowed  him  the  use  of  several 
articles  from  their  most  excellent  publications. 

It  has  been  possible  here  to  utilize  but  a  very  small  part  of  the 
enormous  quantity  of  material  available,  and  therefore,  in  justice  to 
the  reader,  a  bibliography  of  the  principal  articles  that  have  come  to 
the  author's  notice  has  been  included  in  this  volume  for  the  benefit 
of  those  who  desire  to  pursue  the  various  subjects  further. 

In  abstracting  data  that  have  been  published  in  the  periodical  press, 
full  acknowledgment  has  been  made  in  the  text,  and  so  far  as  possible 
the  language  of  the  original  writer  has  been  followed,  in  order  to  avoid 
any  chance  of  mistaking  his  meaning. 
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CHAPTER  I 
Introduction 

The  use  of  graphic  methods  for  accomplishing  a  great  many  functions 
of  the  engineer  has  developed,  within  recent  years,  to  a  most  astonish- 
ing degree, — and  while  this  is  recognized  by  a  great  many  persons  who 
have  had  to  make  a  special  study  of  the  subject  in  their  work,  it  remains 
a  fact  that  most  engineers,  and  practically  all  other  professional  men 
are  largely  ignorant  of  a  great  deal  that  may  be  accomplished  by  these 
methods. 

Professor  M.  d  'Ocagne,  of  the  Ecole  des  Ponts  et  Chaussees,  published 
in  1908  his  admirable  treatise  on  the  mathematics  of  charts,  and  this  was 
followed  by  Professor  Peddle  in  1910  (''The  Construction  of  Graphical 
Charts")  and  by  Professor  Lipka  in  1918  ("Graphical  and  Mechanical 
Computation"),  while  Brinton,  in  1914  published  his  valuable  book, 
*' Graphic  Methods  for  Presenting  Facts."  Each  of  these  works  has 
performed  a  valuable  function  in  connection  with  this  interesting  sub- 
ject, and  certainly  the  first  three  may  be  considered  indispensable  for 
any  one  investigating  the  theory  of  chart  construction,  while  Mr.  Brin- 
ton's  book  is  valuable  as  furnishing  a  collection  of  illustrations  per- 
taining to  the  use  of  this  method  for  demonstration  purposes. 

There  are,  however,  at  least  seven  distinct  and  most  important  func- 
tions that  may  be  performed  by  graphic  charts,  several  of  them  simul- 
taneously, and  each  of  them  susceptible  of  being  accomplished  by  this 
method,  always  as  well  as,  and  generally  more  perfectly  than,  in  any 
other  way. 

It  is  for  the  purpose  of  showing  this  peculiar  adaptability  to  all  these 
functions  that  Mr.  Haskell  has  written  the  present  volume,  and  also  to 
show,  with  the  minimum  of  mathematical  elaboration,  how  best  and 
most  effectively  to  make  use  of  the  method  for  the  current  engineering 
problems  of  today.  The  writer  is  frank  to  confess  that,  while  he 
claims  to  be  not  entirely  innocent  of  aptitude  with  figures,  he  has  found 
irresistible  the  temptation  to  make  his  computations  by  the  simple  draw- 
ing of  straight  lines  on  variously  ruled  paper  rather  than  developing 
his  weary  mind  through  the  exercise  of  Algebra,  and  mayhap  the  cal- 
culus, in  twice  the  time.  It  may  be  an  admission  of  mental  indolence, 
or  worse,  but  he  has  always  preferred  the  simple  and  easy  methods, 
especially  where  mental  effort  is  involved,  and  he  has  never  been  able 
to  appreciate  the  attitude  of  a  very  dear  friend  of  his  who  declined 
to  use  a  slide  rule  for  the  reason  that  it  might  spoil  his  arithmetic. 

Now,  it  is  a  fact  that  an  enormous  amount  of  computation  is  dono 
graphically  without  the  computer  knowing  anything  whatever  about  the 
mathematics  of  the  proceeding,  all  that  is  necessary  to  instruct  the  novice 
being  to  show  him  a  similar  chart  and  indicate  the  results  to  be  achieved. 
In  selecting  illustrations  from  the  vast  mass  of  valuable  data,  the 
author  has  been  guided  by  the  above  principle,  having  in  mind  the 

1 


2  HOW  TO  MAKE  AND  USE  GRAPHIC  CHARTS 

ordinary  way  in  which  curves  are  plotted  and  charts  are  made  while 
at  the  same  time  recognizing  the  theoretical  principles  which  cannot 
fail  to  be  of  help  in  practice.  The  engineer,  the  mechanic,  the  doctor, 
the  salesman, — all  are  pressed  for  time;  thej'  all  have  to  get  results 
in  the  shortest  possible  way  and,  if  possible,  they  all  want  their  results 
In  such  form  that  they  can  be  roughly  checked  by  visual  comparison 
with  facts  of  experience.  For  this  purpose  graphic  charts  are  an 
admirable  instrument,  and  the  effort  here  has  been  to  accomplish  it 
with  the  minimum  of  labor. 

The  Principal  Functions  of  Charts.    These  fall  into  the  following 
classes : — 

1.  Computation  (Mechanical), 

Arithmetical  and  Geometrical  Calculations, 

Interpolation, 

Calibration, 

Integration, 

2.  Tabulation, 

Statistical  Comparisons. 

3.  Plotting, 

Sketches, 

^laps, 

Stadia  Surveys, 

Organization  plans.  Location  of  Buildings  and  Machinery. 

4.  Recording, 

Filing, 

Blue  Printing, 
Photographic  Reproduction, 
Statistical  Comparison. 

5.  Demonstration, 

for  Instruction, 
for  Advertising. 

6.  Statistical  Prediction, 

Weather, 

Population, 

Vital  Statistics,  etc. 

7.  Notations, 

Field  Notes. 

For  computations  the  graphic  method  with  charts  has  all  the  advan- 
tages of  graphic  statics  without  the  limitations  of  the  slide  rule  in 
regard  to  preci.sion,  this  being  a  matter  of  the  size  of  the  chart,  the 
accuracy  of  its  ruling,  and  the  skill  of  the  draftsman.  A  great  many 
curves  can  be  expressed  as  straight  lines  on  one  or  another  of  the  various 
kinds  of  charts,  so  enabling  all  of  the  facts  in  a  given  class  to  be  estab- 
lished by  the  location  of  two  points  and  a  line  drawn  through  them. 
Practically  any  mathematical  equation  and  almost  any  number  of  vari- 
ables can  be  expressed  in  this  way  and  interpolated  mathematically 
without  any  computation  at  all.  The  obvious  advantages  of  this  fact 
hardly  need  be  pointed  out.  With  a  proper  chart  such  computations 
can  be  made  not  only  more  rapidly  than  by  the  older  methods,  but 
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they  can  be  entrusted  to  persons  who  are  unfamiliar  with  the  arithmetical 
or  algebraical  methods  of  computation,  and  they  can  be  checked  directly 
from  the  charts  in  the  same  manner. 

Since  a  table  is  a  collection  of  certain  sets  of  data,  a  chart  with  one 
curve  representing  each  set  of  data  can  be  made  to  take  the  place  of 
the  table.  Wherever  a  chart  can  be  plotted  by  straight  lines,  the  speed 
of  this  process  is  infinitely  greater  than  making  out  a  table,  and  where 
the  curvilinear  law  is  known,  or  can  be  approximated  by  the  us^  of 
the  empyric  law,  the  speed  is  but  little  less.  For  purposes  of-  book 
illustration,  the  plotting  of  such  data  and  their  photographic  reproduc- 
tion upon  cuts  is  much  less  costly  and  less  liable  to  errors  than  is  the 
process  under  the  old-fashioned  method  of  tabulation.  In  plotting  maps 
and  stadia  surveys  to  scale,  a  very  large  part  of  the  draftsman's  time 
is  spent  in  manipulating  the  scale,  T-square  and  triangle;  and  it  is  a 
fact  of  experience  that  such  plotting  upon  paper  ruled  in  squares  that 
correspond  to  the  units  of  the  scale  desired  can  be  done  very  much  more 
rapidly  than  by  the  scale  and  triangle  method.  The  same  principle 
applies  to  the  making  of  sketches  which  are  ordinarily  not  done  to  scale. 
The  additional  element  of  accuracy  contributed  by  making  them  to  scale 
is  always  an  asset,  and  when  the  properly  ruled  paper  is  used,  it  is 
secured  with  no  additional  expenditure  of  time. 

For  purposes  of  record,  charts  have  the  merit  of  being  blue-printable, 
or  photographically  reproduced,  and,  if  they  are  originally  made  on 
sheets  of  convenient  size,  they  can  be  filed  in  a  standard  manner.  Since 
a  great  deal  more  information  can  be  placed  on  a  square  foot  of  chart 
than  by  other  methods  of  record,  the  facts  thus  recorded  are  in  the 
most  compact  form,  and  where  the  charts  are  made  on  good  paper  they 
are  also  in  the  most  durable  shape. 

The  best  known  function  of  charts  is  for  demonstration  purposes, 
to  show  up  facts.  When  so  presented  they  do  not  require  a  trained 
mind  for  their  appreciation,  since  the  spatial  sense  through  the  optic 
nerve  h  among  the  commonest  of  the  human  attributes.  A  child,  or 
a  hod-carrier,  can  appreciate  relative  quantities  shown  on  a  chart  just 
as  well  as  any  one,  and  it  requires  infinitely  less  mental  effort  to  grasp 
quantities  when  shown  in  this  manner  than  by  their  expression  through 
the  use  of  figures.  The  advertising  value  of  this  method  is  therefore 
tremendous,  and  is  being  recognized  more  and  more. 

Charts  form  an  admirable  means  for  predicting  the  growth  of  popu- 
lation, vital  statistics,  etc.,  which  are  not  readily  worked  out  by  tabular 
methods,  especially  where  the  law  involved  is  not  known.  The  curve 
that  fits  the  facts  plotted  up-to-date  can  be  prolonged  mechanically, 
and  give  a  much  more  accurate  index  of  the  future  than  the  ordi- 
nary methods  of  assumption. 

A  good  deal  of  time  may  be  saved  in  taking  notes  such  as,  stadia 
observations,  for  instance,  by  marking  the  points  directly  upon  the 
prepared  sheet,  the  process  being  analogous,  though  not  very  similar^ 
to  the  use  of  a  plane  table  in  surveying;  and  in  a  great  many  cases 
much  time  may  be  saved  by  filling  in  blank  forms  with  conventional 
signs.  Since  notation  can  be  accomplished  in  this  way  with  fewer  mental 
operations  than  with  the  ordinary  note  book,  greater  speed  as  well 
as  greater  accuracy  can  be  attained. 
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The  Principal  Kinds  of  Charts.  These  are  divisible  into  the  follow- 
ing classes: — 

1.  Rectilinear  co-ordinates,  equally  spaced,  decimal  divisions. 

2.  Rectilinear  co-ordinates,  equally  spaced,  other  than  decimal  divi- 

sions. 

3.  Rectilinear  co-ordinates,  unequally  spaced,  various  divisions. 

4.  Logarithmic. 

5.  Semi-logarithmic. 

6.  Polar. 

7.  Isometric. 

8.  Trilinear. 

9.  Nomographic  or  Alignment  Charts. 

10.  Special  Forms,  ruled  and  partly  printed. 

Of  the  first  class  the  principal  rulings  in  general  use  are  those  in 
which  every  fifth  line  is  heavier  than  the  other  four,  and  every  tenth 
line  still  heavier,  the  space  between  the  nearest  lines  being  respectively 
%o  in.,  Mo  in.,  one  millimeter,  and  %  in.  For  reasons  that  will  appear 
below,  the  ^  in.  spacing  lends  itself  to  a  greater  variety  of  uses  than 
the  others,  but  each  of  these  rulings  has  certain  special  uses  for  which 
it  is  peculiarly  adapted.  For  the  preparation  of  charts  to  be  photo- 
graphically reproduced  for  book  and  advertisement  cuts  the  Mo  in.  ruling 
is  very  well  adapted,  since,  when  skillfully  plotted  and  lettered,  charts 
of  this  scale  can  be  reduced  50%  in  linear  dimensions  with  great  re- 
sultant sharpness. 

Other  divisions  in  general  use  with  'equal  spacing  in  both  directions 
are  12,  16,  8,  6,  and  4  divisions  per  inch.  The  six  divisions  ruling  brings 
the  lines  just  about  the  right  distance  apart  to  form  guides  for  the  tak- 
Lnj?  of  long  hand  notes  and  for  the  arrangement  of  figures  in  columns, 
etc.  For  book-keeping  and  accounting  work  this  stationery  gives  a  sort 
of  automatic  columna  ruling  adaptable  to  various  widths  of  column, 
which  is  a  very  considerable  labor  saver  in  such  work  as  making  appraisal 
inventories  and  the  like.  The  Vie  in.  and  l^  in.  rulings  are  very  con- 
venient for  architectural  sketches  that  have  to  be  made  to  scale,  and  the 
M2  in.  ruling  is  used  a  great  deal  for  machine  designing  and  mechanical 
sketches  that  require  exactness,  together  with  %  in.  ruling, — the  latter 
for  sketching  the  smaller  details. 

For  various  purposes  such  as,  for  instance,  plotting  weekly  perform- 
ance records,  it  is  desirable  to  have  the  rulinsr  according  to  the  decimal 
scale  in  one  direction  and  according  to  a  different  scale  the  other  way. 
Thus  a  plate  ruled  to  12  divisions  per  inch  the  long  way  and  20  the 
short  way,  each  10th  line  of  the  short  way  being  extra  heavy,  is  well 
adapted  to  the  above  purpose.  This  size  may  also  be  used  for  monthly 
records.  Various  sorts  of  diagrams  can  be  made  on  paper  ruled  in  this 
manner  to  make  the  decimal  and  duodecimal  systems  interchangeable. 
A  form  that  has  been  very  much  used  consists  of  366  vertical  lines,  one 
for  each  day  in  the  year,  with  a  heavy  line  for  the  first  of  each  month 
— and  150  horizontal  lines  decimally  arranged  for  plotting  all  sorts  of 
statistical  data. 

The  logarithmic  ruling  lends  itself  to  an  extraordinary  number  of 
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uses,  and  probably  has  resulted  in  more  saving  of  labor  to  those  making 
use  of  it  than  any  other  form  of  chart  with  the  possible  exception  of 
the  decimal.  The  author  has  presented  a  considerable  amount  of  ma- 
terial illustrative  of  what  can  be  done  with  this  sort  of  diagram.  Most 
of  the  logarithmic  sheets  that  are  on  the  market  run  for  only  one  com- 
plete cycle  in  each  direction,  or  from  one  to  ten,  or  ten  to  one  hundred, 
or  one  hundred  to  one  thousand,  etc.  For  practical  purposes  it  is  very 
desirable  to  have  at  least  two  cycles  in  one  direction  and  three  or  more 
in  the  other,  thus  allowing  plots  to  be  made  from  1  to  100,  and  1  to 
1000, — the  amount  of  data  that  can  be  placed  upon  such  a  sheet  as 
compared  with  a  one-cycle  sheet  being  in  the  ratio  of  100,000  to  100. 
This  explains  the  extraordinary  advantages  derived  from  the  use  of 
sheets  covering  several  logarithmic  cycles  as  compared  with  the  single 
cycle  sheet  on  which,  theoretically,  any  curve  can  be  plotted. 

Semi-logarithmic,  which  is  the  name  given  to  a  logarithmic  ruling 
in  one  direction  and  a  plain  ruling  in  the  other,  is  extremely  useful  for 
the  plotting  of  all  sorts  of  statistics  of  which  proportionate  variations 
appear  to  corresponding  scale  on  the  chart, — which  is  not  true  of  the 
decimal  chart.  Take,  for  instance,  a  city  with  a  growing  population — 
statistics  of  population,  school  attendance,  crime,  sickness,  etc.,  can  all 
be  plotted  on  the  same  chart,  and  a  10%  variation  at  the  top  of  the 
chart  will  show  up  just  as  markedly  as  the  same  percentage  of  variation 
near  the  bottom  or  any  other  part  of  the  chart.  For  giving  a  true  index 
of  conditions  of  this  sort,  such  a  chart  is  invaluable,  and  this  semi- 
logarithmic  is  the  only  ruling  that  admits  of  such  results.  A  further 
peculiarity  of  semi-logarithmic  paper  is  that  a  chart  can  be  made  in 
this  way  covering — say — two  logarithmic  cycles  in  the  vertical  direction 
and  enabling  as  much  plotting  to  be  done  in  that  direction  as  would 
be  the  case  with  a  rectilinear  sheet  five  times  as  large,  making  it  most 
convenient  for  many  kinds  of  data.  This  extraordinary  peculiarity 
of  the  logarithmic  scale  is  worthy  of  a  good  deal  more  attention  than  has 
been  paid  to  it  heretofore. 

There  are  a  number  of  so-called  polar  charts  on  the  market  for  the 
purpose,  not  only  of  plotting  curves  with  polar  co-ordinates,  but  of  mak- 
ing various  kinds  of  percentage  charts — the  complete  area  indicating 
unity.  They  are  also  useful  for  dividing  up  the  working  day  in  organiza- 
tion plans  and  have  been  used  a  good  deal  for  showing  railroad  and 
other  statistics.  Charts  of  this  kind  are  valuable  also  for  plotting  a 
logarithmic  spiral,  and  for  the  solution  of  numerous  j-)roblems  of  illumina- 
tion in  electricity.  For  plotting  stadia  notes,  either  in  the  field  or 
office,  polar  charts  are  admirably  adapted.  Isometric  charts  are  coming 
into  general  use  for  making  sketches  to  this  scale,  and  such  sketches 
are  very  useful  in  explaining  to  workmen  machine  details  of  which  a 
single  projection  sketch  is  not  adequate. 

Triangular  co-ordinate  charts  are  a  valuable  means  for  plotting  curves 
of  the  form  X  +  Y  +  Z-=l  or  100%. 

The  alignment  or  nomographic  chart  on  which  the  results  are  read 
by  the  application  of  the  straight  edge,  or  the  straight  line  ruled  on 
transparent  celluloid,  has  become  quite  generally  used  and  has  a  wide 
variety  of  applications.  One  disadvantage  of  it  is  that  it  has  no  pictorial 
value,  but  for  obtaining  its  results  it  depends  upon  the  mechanical 
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operation  rather  than  the  visual  operation  performed  by  the  person  using 
it.  Professor  Lipka  says  that  no  charts  ave  so  rapidly  constructed,  nor 
so  easily  read,  as  those  of  this  type,  with  which  statement  the  writer  can 
hardly  concur,  although  enthusiastically  acknowledging  the  great  value 
of  these  charts  for  many  purposes. 

Ruled  and  partially  printed  forms,  being  more  or  less  a  combination 
of  charts  with  printed  matter,  are  used  in  tremendous  quantities  for 
many  purposes,  but  the  function  of  most  of  these  is  rather  outside  of 
the  present  work.  Such  forms,  for  instance,  as  those  for  traverse  com- 
putations in  computing  surveys,  conveniently  arranged  for  making  these 
computations,  are  useful,  just  as  are  special  rulings  for  computation  of 
rule  work  by  the  end  area  method, — but  this  scarcely  comes  within  the 
classification  of  graphic  charts. 

Gkneral  Characteristics  of  Charts.  Graphic  representation  by  means 
of  charts  depends  upon  the  super-position  of  special  lines  or  curves  upon 
base  lines  drawn  or  ruled  in  a  standard  manner.  For  the  economic 
construction  of  these  charts  as  well  as  their  correct  use  it  is  necessary 
that  the  standard  rulings  be  correctly  designed. 

A  draftsman  with  a  sharp  pencil  can  locate  points  on  a  smooth  paper 
approximately  to  the  nearest  Moo  in.  and  by  inspection  he  can  divide 
a  space  less  than  ^  in.  in  extent  into  5  parts  with  considerable  ac- 
curacj\  He  cannot  divide  the  same  space  into  10  parts  with  anything 
like  the  same  accuracy.  These  two  facts  seem  to  be  dependent  upon 
some  peculiarity  of  physiology  or  psychology  and  they  may  be  used  as 
a  general  basis  for  designing  charts.  Thus,  sub-di^'isions  of  -^o  in. 
on  the  chart  may  be  further  subdivided  by  inspection  to  Moo  in.  which 
is  practically  the  limit  of  accuracy  in  plotting,  whereas  when  lines  are 
Mo  in.  apart,  or  more,  the  most  precise  work  necessitates  the  use  of  the 
scale. 

This  seems  to  be  the  reason  why  the  decimal  charts  are  plotted  to 
a  scale  of  Vto  in.  with  an  extra  heavy  line  every  half  inch,  and  why 
millimeter  charts  in  the  United  States  are  found  to  be  as  convenient 
as  those  of  rather  larger  size.  It  has  been  the  custom  for  many  years 
to  plot  railroad  cross  sections  to  a  scale  of  1  in.  =  10  ft.,  reading 
both  distances  in  the  field  to  Mo  foot  and  endeavoring  to  plot  Moo  in. 
In  taking  off  the  areal  quantities  with  a  planimeter  or  by  dividing  into 
triangles,  scaling  perpendiculars,  and  computing  by  slide  rule,  it  is 
apparent  that  much  greater  convenience  with  approximately  the  same 
accuracy  can  be  obtained  by  plotting  to  a  scale  of  ^  in.  =  10  ft.  on 
paper  which  is  ruled  to  ^^  in.  or  else,  equal  convenience  and  much  more 
accuracy  may  be  secured  by  the  use  of  a  finer  ruling. 

The  most  accurate  plotting  on  logarithmic  paper  will  occur  where 
the  lines  are  rather  less  than  about  M»  in.  apart,  but  when  the  space  is 
even  as  great  as  H  in.  no  particular  inaccuracy  will  result  therefrom 
since  logarithmic  spacing  varies  continuously  which  necessitates  dropping 
out  various  lines  of  sub-division  in  different  parts  of  .the  scale.  This 
naturally  gives  rise  to  a  little  confusion  until  one  has  become  accustomed 
to  the  arrangement,  just  as  in  the  case  of  the  slide  rule.  In  making 
up  logarithmic  sheets  the  question  at  once  arises  as  to  how  many  cycles 
of  the  logarithmic  scale  can  be  applied  on  a  sheet  of  given  size  without 
violating  the  best  practice  in  regard  to  the  physiological  facts  above 
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referred  to  and  yet  to  accomplish  as  much  as  possible  on  the  available 
^rea  of  paper.  The  writer's  experience  would  seem  to  indicate  that 
for  one  logarithmic  cycle  a  space  of  nearly  4  in.  is  necessary,  that  more 
than  4  in.  is  unnecessarily  large  and,  unless  extra  lines  are  inserted, 
involves  some  inaccuracy  of  plotting  especially  at  the  lower  part  of 
the  scale.  Therefore,  he  has  found  it  practicable  to  use  about  6  com- 
plete cycles  in  a  space  of  about  the  size  of  a  letterhead,  2  in  one  direc- 
tion by  nearly  3  in  the  other.  This  gives  arithmetical  range  in  one 
direction  of  from  10  to  1,000  and  in  the  other  direction  from  7  to  4,000, 
which  covers  most  of  the  requirements  of  his  work  while  allowing  the 
greatest  convenience  in  ruling. 

A  word  may  be  added  in  regard  to  the  standard  size  of  sheets  and 
the  quality  of  paper.  The  writer  has  found  a  good,  strong,  rather 
thin,  tough  bond  paper  superior  to  tracing  cloth  for  most  purposes, 
much  more  durable,  much  less  expensive,  and  almost  equally  blue- 
printable.  After  much  experimenting  a  sheet  Sy2  by  11  in.  has  been 
adopted  as  standard  in  his  office.  This,  when  punched  with  three  holes 
in  the  margin,  may  be  filed  in  a  loose-leaf  ring  binder  with  other  stand- 
ard sheets  or  may  go  into  the  letter  file  in  the  ordinary  way.  Where 
larger  sheets  are  necessary  one  11  by  17  in.  has  been  found  to  file 
with  one  fold  most  conveniently  in  the  same  sort  of  binder. 


CHAPTER  II 
Rectilinear  Charts 

The  purpose  of  this  book  is  twofold:  (1)  by  giving  many  illustra- 
tions, to  suggest  to  those  already  familiar  with  the  functions  of  graphic 
charts  new  ideas  for  the  uses  of  the  various  rulings,  and  (2)  to  show 
those  who  have  never  used  charts  at  all,  or  but  little,  the  principles  of 
their  use  and  to  explain  as  simply  as  possible  the  many  advantages 
to  be  derived  by  becoming  familiar  with  this  method  of  presenting 
facts.  The  following  description  aims  to  fulfill  the  second  purpose  and 
engineers,  statisticians,  etc.,  familiar  with  the  theory  of  rectangular 
co-ordinates  need  not  take  the  time  to  read  this  elementary  material, 
but  are  urged  to  turn  to  the  later  chapters  where  they  may  expect  to 
find  many  valuable  suggestions. 

Rectangular  Co-ordinates.  It  may  be  said  that  a  straight  line  has 
two  directions  distinguished  one  from  the  other  by  the  sequence  of 
the  letters.  In  Fig.  1  when  we  move  from  left  to  right,  we  read  the 
line  ab,  when  we  go  from  right  to  left  we  have  the  line  ha. 
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This  being  true,  in  order  to  determine  the  position  of  one  point 
with  respect  to  another  point,  it  is  necessary  to  know  not  only  its 
distance  but  also  the  direction  in  which  the  distance  is  taken.  For 
example,  if  we  wish  to  locate  point  h  one  inch  from  point  a  we  must 
know  its  definite  direction  with  respect  to  a,  otherwise  it  might  be 
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any  point  in  the  circumference  of  a  circle  of  radius  one  inch,  whose 
centre  is  a. 

To  simplify  the  locating  of  a  point,  it  has  been  generally  accepted 
that  a  distance  measured  in  one  direction  shall  be  positive  and  in  the 
opposite  direction  negative,  designated  by  the  well-known  signs  +  and 
— .  Lines  drawn  from  left  to  right  and  from  down  to  up  are  called 
positive,  and  those  from  right  to  left  and  up  to  down,  negative.  The 
fixed  point  is  called  the  origin,  O.  In  general  practice  a  vertical  line 
is  drawn  through  0,  known  as  the  y-axis,  and  distances  measured  along 
this  axis  are  called  ordinates;  at  right  angles  to  the  y-axis  a  horizontal 
line  is  drawn  through  O,  known  as  the  x-axis,  and  distances  measured 
along  this  axis  are  called  abscissas.  Thus  the  abscissa  is  positive  or 
negative  according  as  it  is  measured  on  Ox  or  Ox',  Fig.  2,  and  the  ordi- 
nate is  positive  or  negative  according  as  it  is  measured  on  Oy  or  Oy'. 

The  abscissa  and  ordinate  of  a  point  are  the  co-ordinates  of  the  point. 

Thus  it  will  be  seen  that  it  is  possible  to  locate  any  point  definitely 
by  the  algebraic  values  of  its  co-ordinates  x  and  y,  and  it  is  generally 
agreed,  for  convenience,  to  always  name  the  x  value  first  and  the  y 
value  second.     For  example,  in  Fig.  2  let  p^  Ps  Ps  P4  be  any  points. 

Then  for  Pi  x  ^  +  Ox^  and  y  ^  +  Oy^,  the  co-ordinates  being  x^y^ 

''     p,  x=-f  Oxi  and  y=-0y3,  ''  ''  ''  x,y, 

*'     P3  x=:-0x2  and  y==+Oyi,  ''  ''  ''  x,y, 

P4  X  =  —  0x2  and  y  =  —  Oyg,  '  *  '  *  * '  Xgya 


i( 


If  the  point  p  were  on  the  x-axis,  y  would  equal  0  and  if  on  the 
y-axis,  x  would  equal  0  and  if  at  the  origin  O  both  x  and  y  would 
equal  0. 

Without  going  into  greater  detail  this  should  give  the  reader  an 
understanding  of  the  theory  of  rectangular  co-ordinates.  In  practice, 
the  quantities  dealt  with  are  usually  both  positive  (  +  )  and  hence  the 
upper  right  hand  quadrant,  Fig.  2,  where  both  x  and  y  are  plus,  is  used. 

Rectilinear  Charts.  In  order  to  assist  in  locating  or  plotting  a  point, 
as  it  is  called,  by  rectangular  co-ordinates,  the  rectilinear  chart  has 
been  devised.  This  consists  of  a  series  of  horizontal  lines  drawn  parallel 
to  and  at  equal  distances  from  one  another,  and  at  right  angles  to  them 
a  series  of  vertical  lines  similarly  drawn.  Any  spacing  between  lines 
may  be  used,  but  for  convenience  either  a  decimal  division  is  employed 
such  as  5,  10,  or  20  divisions  per  inch,  or  some  other  non-decimal  division 
which  will  be  of  advantage  for  special  work,  as  4,  6,  8,  12,  or  16  divisions 
per  inch.     The  uses  for  these  will  be  discussed  later. 

It  is  customary,  in  order  to  assist  the  eye  in  following  the  divisions 
on  the  paper,  to  make  the  lines  at  each  inch  heavy,  those  at  the  half 
and  quarter  inch  somewhat  lighter,  and  the  intermediate  divisions  light. 

This  cross  sectional  arrangement  also  obviates  the  necessity  of  using 
a  scale  which  would  be  required  in  plotting  a  point  where  only  the 
X-  and  y-axes  were  used. 

On  rectilinear  paper  the  origin  may  be  taken  at  any  convenient  place 
depending  upon  whether  -|-  01*  —  quantities  or  both  are  to  be  plotted. 
Since,  as  mentioned  above,  the  quadrant  where  x  and  y  are  both  + 
is  most   generally  used,  the .  origin   is  taken  at   the   lower  left  hand 
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corner  of  the  paper,  the  outside  ruling  on  the  left  representing  the 
y-axis  and  the  outside  ruling  on  the  bottom  representing  the  x-axis, 
thus  making  the  whole  sheet  equivalent  to  the  +  or  upper  right  hand 
quadrant. 

Any  convenient  scale  maj'  be  used  with  magnitudes  increasing  from 
the  origin  to  the  top.  It  is  advisable,  where  practicable,  to  so  select 
the  scale  that  the  zero  point  shall  appear  at  the  origin,  as  a  clearer 
conception  of  relative  values  is  obtained.  This  is  not  feasible,  however, 
if  the  figures  plotted  are  large. 

It  is  also  well  to  so  select  the  scale  that  the  increase  in  graduations 
shall  be  uniform,  both  vertically  and  horizontally,  but  the  rate  of  in- 
crease need  not  necessarily  be  the  same.  That  is,  one  convenient  scale 
may  be  used  vertically  and  an  entirely  different  scale,  chosen  for  con- 
venience also,  may  be  used  horizontally. 

The  best  method  of  illustrating  the  practical  use  of  rectilinear  charts 
is  to  give  an  example.  Suppose  that  a  concern  is  engaged  in  the  manu- 
facture and  sale  of  note  books.  There  are  available  monthly  records 
of  the  gross  earnings.  These  have  accumulated  for  a  period  of  years, 
but  eventually  a  new  manager  is  appointed  and  he  wishes  to  obtain  a 
graphic  picture  of  the  **ups  and  downs"  in  the  past  history  of  the  busi- 
ness to  determine  whether  there  is  any  fixed  relation  between  the 
volume  of  sales  and  the  season  of  the  year,  with  the  idea  of  working 
in  some  other  product  during  the  dull  season.  He  arranges  his  records 
of  sales  in  order  and  then  tabulates  them  as  follows: 


Jan. 

Feb. 

March 

April 

May 

June 

1910 
1911 
1912    . 

2,516 
2,385 
2,876 

2,433 

2,287 
2,354 

2,626 
2,780 
2,942 

2,650 
2,837 
2,916 

2,819 
3,091 
3,250 

3,042 
3,200 
3,478 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1910 
1911 
1912 

2,956 
:i,14.-> 
:{,3S6 

2,475 
2,273 
2,392 

2,830 
2,966 
3,047 

2,773 
3,111 
3,225 

2,652 

2,822 
2,918 

2,497 
2,587 
2,733 

Then  with  a  sheet  of  decimal  rectilinear  paper,  8^x11  in.  in  size, 
Fig.  3,  he  starts  at  the  lower  left  corner  letting  each  V*  inch  space 
represent  a  month,  progressing  horizontally.  Because  he  requires  36 
spaces  (3  years®  12  months)  he  makes  the  long  edge  of  the  paper 
the  horizontal  axis,  the  short  edge  allowing  only  30  spaces.  He  then 
marks  off  a  scale  on  the  vertical  axis  to  represent  ** dollars."  If  he 
starts  with  0,  in  order  to  get  $3500  on  the  sheet,  he  must  let  each  inch 
represent  $500.  He  then  proceeds  to  plot  or  locate  his  points.  His 
months  are  abscissas  and  his  dollars  are  ordinates.  Therefore,  as  he 
progres-ses  from  the  origin  horizontally,  above  each  month  he  scales 
off  on  the  paper  the  corresponding  sales  in  dollars;  i.e.  when  he  reaches 
Jan.,  1910,  he  scales  vertically  $2516  with  as  great  precision  as  possible. 
He  then  proceeds  horizontally  to  Feb.,  1910,  and  above  this  point  he 
scales  vertically  $2433,  and  so  on  until  he  has  completed  his  figures. 
He  then  takes  a  straight  edge  and  connects  with  lines  the  points  that 
he  has  located,  and  when  this  is  done  he  has  before  him  a  complete 
picture  of  the  variations  in  his  business.  He  notes  at  a  glance  what  are 
the  **peak8"  or  high  months  and  what  the  low  months.     He  sees  that 
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the  low  points  consistently  occur  during  July,  August,  December,  Janu- 
ary and  February  each  year  and  he  immediately  starts  an  investiga- 
tion to  determine  the  reasons. 

It  will  be  noted  in  this  illustration,  where  ^/4  in.  spaces  were  made 
to  represent  months,  that  the  points  were  plotted  on  the  right  hand 
boundaries  of  the  spaces.  They  could  have  been  plotted  on  the  left 
hand  boundaries  just  as  well,  but  it  seems  a  little  more  logical  to  use 
the  right  hand  ones  as  they  represent  the  ends  of  the  months  and  it 
is  at  the  end  of  the  month  that  we  know  the  total  sales  during  the 
month.  Another  method  is  to  consider  the  space  as  a  month's  time 
and  to  erect  the  points  midway  between  the  two  boundary  lines,  to 


Fig.  3 

represent  an  average  of  irregular  occurrences  during  the  months.  Still 
another  way  is  to  draw  a  horizontal  line  through  the  point  and  ter- 
minated by  the  boundaries,  the  purpose  being  to  show  that  the  results 
plotted  occurred  during  the  entire  month.  See  Fig.  6,  Chapter  IX. 
Some  prefer  not  to  connect  the  points  with  lines  at  all,  but  to  erect 
vertical  ''bars,"  either  heavier  lines  or  solid  spaces,  obtaining  their 
mental  picture  by  the  relative  heights  of  the  bars.  The  author  has 
always  been  in  favor,  personally,  of  the  connecting  line  method  as  it 
presents  to  him  a  more  pronounced  picture  of  the  high  and  low  spots, 
with  the  corresponding  inclines  and  declines.  In  Chapters  X-XVIII 
many  examples  of  both  methods  are  given  and  the  reader  will  doubtless 
find  that  for  certain  uses  each  method  has  its  advantages. 


CHAPTER  III 
Logarithmic  Charts 

For  many  purposes  the  logarithmic  chart,  Fig.  1,  is  unequalled  by 
any  other  ruling,  but  unfortunately  its  worth  is  realized  by  compara- 
tively few  persons.  This  may  be  due  to  the  name,  coupled  with  the 
belief  that  an  understanding  of  logarithms  is  necessary  to  use  the  paper. 
On  the  contrary,  one  need  know  nothing  of  the  theory  to  make  logarith- 
mic charts,  but  it  is  the  author's  opinion  that  most  people  wish  to 
know  a  little  something  of  the  why  and  wherefore  of  the  tools  they 
employ.  With  this  end  in  view  as  simple  a  mathematical  exposition 
as  possible  will  be  given,  which  need  not  be  followed  through  by  the 
initiated. 

Lofifarithms.  The  object  of  logarithms  is  to  facilitate  and  shorten 
calculations  involving  multiplication,  division,  and  the  finding  of  roots. 
and  powers. 

Before  continuing  further  it  may  be  well  to  give  definitions  of  such 
mathematical  terms  as  it  is  necessary  to  use. 

Any  number  multiplied  by  itself  is  said  to  be  raised  to  its  second 
power,  or  squared;  any  number  multiplied  by  itself  twice,  is  said  tO' 
be  raised  to  its  third  power,  or  cubed,  etc.  The  exponent  of  a  number,. 
written  to  the  right  and  a  little  above  the  number,  indicates  how  many 
times  the  number  is  repeated  as  a  factor.  For  example,  to  express  in 
abbreviated  form  that  the  number  3  is  raised  to  the  fourth  power, 
write  3*  instead  of  3x3x3x3.  The  first  power  of  a  number  is  the 
number  itself,  which  may  be  considered  as  having  the  exponent  1. 
The  rules  governing  exponents  are  easily  understood  by  the  following 
examples : 

a  X  a  X  a  =  a^  dividing  this  by  a,  we  have 
a  X  a  =  a*  dividing  this  by  a,  we  have 
a  =  a 

Thus,  it  is  seen  that  dividing  any  power  of  a  by  a  substracts  unity 

a'' 

from   the   exponent.    Therefore   since,   as   above,   —   =a=^-^  =  a,    so 

a 

a 

a 

a*  1 

-  =  a*-*  =  a-*  =  - 
a  a 

a-*  1 

—  =  a-*-*  =  a-*=— ,  etc. 
a  a» 

12 
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The  square  root  of  a  given  number  is  that  number  which,  when  multi^ 
plied  by  itself,  will  give  a  product  equal  to  the  given  number.  The 
third,  (cube  root),  fourth,  fifth,  etc.,  roots  of  a  given  number  are  those 
numbers  which,  when  repeated  as  factors  three,  four,  five,  etc.,  times 
will  give  as  a  product  the  given  number.  The  square  root  of  16  (writ- 
ten Vio')=4,  because  4X4  =  16;  the  fifth  root  of  32  (V~52,  the  5 
bein^  called  the  index  of  the  root)t=2,  since  2X2X2X2X2  =  32. 

Arithmetical  progression  is  a  series  of  numbers  in  which  every  suc- 
cessive term  is  increased  or  decreased  by  a  constant  amount,  as  2,  4,  6, 
8,  10,  etc.,  or  12,  9,  6,  3,  etc. 

Geometrical  progression  is  a  series  of  numbers,  in  which  every  suc- 
cessive term  is  multiplied  or  divided  by  a  constant  factor,  as  2,  4,  8, 
16,  ,32,  etc.,  or  192,  48,  12,  3,  etc. 

If  we  use  any  number,  2  for  example,  as  the  base  or  multiplier  of  a 
geometrical  progression  the  exponents  form  an  arithmetical  progression 
Thus,     1,        2,       4,       8,      16,      32,      64,     128,  etc.  may  be  written 
(2)«  (2)1   (2)2   (2)3   (2)*  (2)^   (2)«  (2)^  etc. 

The  logarithm  of  a  number,  a,  to  a  given  base,  b,  is  the  power,  n, 
to  which  that  base,  b,  must  be  raised  in  order  to  equal  the  number,  a. 
In  the  above,  therefore,  each  term  of  the  arithmetical  progression  (ex- 
ponent) is  the  logarithm  of  the  corresponding  term  of  the  geometrical 
progression,  the  base  being  2.  For  example:  the  logarithm  of  16  to 
the  base  2  is  4,  written  logg  16  ^  4. 

In  general  practice  2  is  not  used  as  the  base.  There  are  two  systems, 
one  known  as  the  Natural  or  Naperian,  used  in  pure  mathematical  dis- 
cussion and  in  steam  engineering,  having  as  the  base,  e  =  2.71828  . . . ; 
the  other,  the  Common  or  Briggs  system,  generally  used  for  all  pract- 
ical purposes,  and  having  as  base  10.  In  this  latter  system  the  two 
progressions  are  replaced  by: 

yioooo,     yiooo,      Moo,        Mo,  1,        10,       100,    1000,  10,000 

(10)-*  (10)-^  (10)-2  (lO)-i  (10)«  (10)1  (10)2  (10)3  (10)*,  and  the 
logarithm  of  1,000  to  the  base  10  =  3,  written  log  lo  1,000  =  3;  and 
log  10  M,ooo  =  —  3 

If  the  above  series  were  indefinitely  extended  in  both  directions  the 
exponents  in  the  arithmetical  series,  or  the  logarithms,  would  increase 
or  decrease  by  whole  numbers;  but  for  all  numbers  in  the  geometrical 
series,  between  100  and  1,000  for  instance,  there  are  corresponding  num- 
bers in  the  arithmetrical  series  with  exponents  between  2  and  3;  i.e.,  the 
logarithm  of  500  is  more  than  2  and  less  than  3.  Since  the  intermediate 
numbers  in  the  geometrical  progression  may  be  taken  so  as  to  differ 
from  one  another  by  an  infinitely  small  amount  and  since  the  corre- 
sponding powers  in  the  arithmetical  progression  will  vary  by  infinitely 
small  amounts,  we  may  say  that  any  positive  number  has  a  logarithm, 
and  any  number,  positive  or  negative,  is  the  logarithm  of  a  positive 
number. 

In  practice,  tables  are  calculated  in  which  the  logarithms  are  worked 
put  to  varying  degrees  of  accuracy  and  the  logarithms  of  any  numbers 
not  given  in  the  tables  are  found  by  interpolation. 

Referring  to  the  geometrical  and  arithmetical  series  above,  it  will  be 
noted  that: 
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(1)  The  logarithm  of  the  base  10  is  1. 

(2)  The  logarithm  of  1  is  0. 

(3)  The  logarithm  of  a  number  greater  than  1  is  + 

(4)  The  logarithm  of  a  number  less        than  1  is  — 

(5)  A  negative  number  has  no  logarithm. 

(6)  The  logarithm  of  the  product  of  several  factors,  10-'^  =  Moo,  10^  = 
10,  and  10*  =  10,000  is  equal  to  the  sum,  -2  +  1  +  4  =  3,  of  the 
logarithms  of  the  factors:  log  (10"=^  +  10  ^  +  10  *)  =log  lO'^ 
+  »  +  *==  log  10  « =  —  2  +  1  +  4  =  3.  The  lop:arithm  3  corre- 
sponds to  10  »  =  1,600,  which  is  the  product  of  Moo  X  10  X  10,000. 
That  is,  multiplication  is  effected  by  aid  of  addition. 

(7)  The  logarithm  of  the  quotient  obtained  by  dividing  one  number, 

10»  =  1000.000,  by  another,  10«  =  1000,  is  the  logarithm  5  of  the 

10^ 
dividend  minus  the  logarithm  3  of  the  divisor;  log  —    ^log 

10« 
10*-»  =  5  —  3  =  2,  and  2  is  the  logarithm  of  100,  the  quotient 
100,000 

of .     Division  is  effected  by  aid  of  subtraction. 

1,000 

(8)  The  logarithm  of  a  power,  (W)^  of  a  number,  10^  =  100,  equals 

the  logarithm  2  of  the  number  multiplied  by  the  degree  3  of  the 
power:  log  (W)»  =  log  102x3  =  2X3  =  6,  and  the  logarithm 
6  corresponds  to  10«  =  1,000,000  which  equals  100^  A  number 
is  raised  to  a  power  by  multiplication 

(9)  The  logarithm  of  a  root  of  a  number,  V10%  is  equal  to  the  loo'arithm 

6  of  the  number  divided  by  the  index  3  of  the  root;  log  y  i*''  = 
log  10%  =  log  10^=:%  =  2,  and  the  logarithm  2  corresponds  to 
100  which  is  the  cube  root  of  1,000,000.  Roots  are  extracted  by 
division. 

While  the  above  is  not  a  complete  exposition  of  the  theory  of  logarithms 
it  should  suffice  to  give  the  reader  an  understanding  of  what  a  logarithm 
is  and  to  r!ial)lo  him  to  comprehend  the  theory  of  the  logarithmic  chart. 

Logarithmic  Chart.  The  divisions  on  the  logarithmic  chart  are  pro- 
portional, not  to  the  numbers  themselves,  but  to  the  logarithms  of  the 
numbers.  In  other  words  the  chart  is  divided  logarithmically,  but  in- 
stead of  the  logarithms  being  lettered  on,  the  numbers  corresponding  to 
the  logarithms  are  put  on.  That  is  why  the  ba.se  line  is  1.  The  log- 
arithm at  the  base  line  would  be  0,  but  the  number  which  corresponds  to 
that  logarithm  is  1.  In  the  same  way  note  that  4  is  over  halfway  be- 
tween 1  and  10.  That  is  because  the  logarithm  of  4  is  0.6021,  but  in- 
stead of  the  logarithm  0.6021  being  put  on  the  chart  the  corresponding 
number  4  is  put  on.  Therefore  any  calculations  made  up  of  multiplica- 
tion, division,  roots  and  powers  may  be  solved  by  straight  lines,  in  ac- 
cordance with  the  principles  outlined  in  6,  7,  8  and  9,  above.  For  ex- 
ample, in  multiplication  the  logarithm  of  the  product  of  two  numbers 
is  the  sura  of  the  logarithms  of  the  numbers.  Therefore,  if  we  wish 
to  multiply  any  number,  2,  by  another  number  3,  by  (6)  log  6  =  log 
3  +  log  2.    From  2  on  the  x-axis,  Fig.  1,  we  draw  a  line  at  an  angle  of 
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45°.  Then  from  3  on  the  y-axis  we  follow  across  until  we  hit  the  45<* 
line,  then  we  drop  to  the  x-axis  and  the  answer  is  6. 

The  distance  AC  =  BD  =  log  2. 

The  distance  CE  =  CD=:log  3. 

AC  (log  2)+  CE  (log  3)=AE,  and  AE-=log  6. 

Therefore,  it  will  be  seen  that  what  takes  place  when  two  numbers  are 
multiplied  together  is  the  graphic  addition  of  their  logarithms,  but  since 
on  the  chart  the  numbers  corresponding  to  the  logs  are  lettered,  instead 
of  the  logs,  we  are  able  to  read  the  correct  answer  automatically. 

In  the  same  manner  the  other  three  functions, — division,  raising  to 
powers  and  extracting  roots,— reduce  to  simple  graphic  additions  and 
substractions  or  combinations  of  the  two,  on  the  logarithmic  chart. 

When  interpolating  between  two  lines,  with  a  given  scale,  it  should 
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be  remembered  that  the  divisions  are  not  uniform,  and  proper  account 
be  taken  of  this  fact. 

As  mentioned  at  the  beginning  of  this  chapter  a  person  may  advan- 
tageously use  the  logarithmic  chart  without  any  knowledge  whatever 
of  the  principles  of  its  construction.  It  is  sufficient  to  remember  that 
for  all  operations  involving  multiplication,  division,  powers  and  roots, 
the  lines  plotted  will  be  straight  and  hence  easier  to  deal  with. 

On  a  logarithmic  chart  one  complete  cycle  is  usually  numbered  from 
1  to  10,  and  the  decimal  point  may  be  so  placed  that  the  scale  range  will 
be  suitable  for  plotting  the  data  in  hand.  That  is,  one  cycle  may  be 
0.01  to  0.10,  0.10  to  1,  1  to  10,  10  to  100,  100  to  1,000,  1,000  to  10,0C0, 
etc.  It  is  possible  to  obtain  a  wide  range  by  drawing  several  lines  on  a 
single  cycle  chart  or  by  drawing  one  line  on  a  multiple  cycle  chart.  The 
former  method  is  explained  on  page  352,  but  the  latter  method  entails 
considerably  less  work,  and  the  author  has  found  that  a  logarithmic 
chart  having  two  cycles  in  one  direction  and  two  and  a  half  or  three 
cycles  in  the  other  gives  ample  range  for  most  problems.     This  permits 
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variations  of  from  1  to  100 ;  100  to  10,000 ;  10,000  to  1,000,000 ;  etc.,  one 
way,  and  1  to  1,000;  1,000  to  1,000,000;  etc.,  the  other.  Thus  it  will  be 
seen  that  a  logarithmic  chart  8^  x  11  ins.  having  two  cycles  one  way  and 
three  the  other  will  permit  the  plotting  of  data  covering  a  range  1,000 
times  as  great  as  a.  single  cycle.  Also,  if  we  were  to  scale  a  uniform 
chart,  8%  X 11  ins.,  in  the  same  manner  starting  at  unity,  we  could  cover 
only  1  to  10  the  long  way  and  1  to  7.5  the  short  way. 


CHAPTER  IV 
Semi-Logarithmic  Charts 

The  semi-logarithmic  chart,  Fig.  4,  is  a  combination  of  the  logarithmic 
and  rectilinear  charts,  usually  having  the  logarithmic  ruling  vertically 
along  the  y-axis  and  the  rectilinear  ruling,  preferably  decimal,  as  20 
divisions  per  inch,  horizontally  along  the  x-axis.  For  certain  statistical 
comparisons  a  very  useful  chart  is  the  Semi-logarithmic-Daily  Record 
Chart,  which  has  the  logarithmic  ruling  vertically  and  one  division  for 
each  day  of  the  year  horizontally. 

The  semi-logarithmic  chart  has  a  wide  use  for  the  plotting  of  com- 
parative statistics  of  similar  kind  but  dissimilar  magnitude,  in  that  the 
rectilinear  horizontal  ruling  allows  the  uniform  spacing  for  periods  of 
time  as  days,  weeks,  months,  years,  etc.  while  the  vertical  logarithmic 
scale  gives  the  true  relative  comparison  between  variations.  On  a  chart 
S^ixll  ins.  in  size  (plate  size  7^/^x10  ins.)  with  two  logarithmic  cycles 
vertically  the  short  way  of  the  paper  and  20  divisions  per  inch  the  long 
way,  there  would  be  200  divisions  horizontally  against  which  might  be 
plotted  quantities  varying  from  1  to  100,  10  to  1,000,  100  to  10,000,  etc. 
on  the  double  log  scale.  Thus  the  range  is  very  nearly  seven  times 
that  of  the  rectilinear  chart,  20  divisions  per  inch. 

Furthermore,  on  the  rectilinear  chart  the  percentage  of  variations  of 
any  curve  shows  up  equally  to  the  eye  regardless  of  where  the  curve  is 
on  the  paper.  For  example,  on  a  rectilinear  chart  with  a  single  scale, 
0  to,  1,000,000,  the  population  curve  of  a  city  of  800,000  people  would 
be  near  the  top  of  the  sheet,  and  the  curve  showing  the  total  number 
of  school  children  would  be  near  the  bottom.  The  lines,  or  graphical 
pictures,  indicating  percentage  variations  in  the  number  of  children  at- 
tending school  will  correspond  in  size  to  those  indicating  variations  in 
the  population,  although  the  variation  in  actual  numbers  in  the  first 
case  is  very  considerably  less  than  in  the  second.  On  the  semi-loga- 
rithmic chart  these  percentages  of  variation  would  automatically  show 
up  in  their  true  relation  to  one  another. 

An  excellent  illustration  of  the  superiority  of  the  semi-logarithmic 
chart  to  the  rectilinear  for  obtaining  relative  comparisons  is  given  in 
the  following,  from  an  article  by  John  Wenzel  published  in  Scientific 
American  Supplemewt,  April  4,  1917.  Mr.  Wenzel  speaks  of  the  charts 
as  "logarithmic,"  but  to  conform  to  the  classification  used  here  and  to 
differentiate  between  those  charts  which  have  logarithmic  ruling  in  both 
directions  and  those  having  it  in  one  direction  only,  this  has  been  changed 
in  each  case  to  read  "semi-logarithmic." 

On  arithmetically  ruled  paper  as  in  Fig  1,  the  horizontal  rulings  are 
the  same  distance  apart,  so  that  the  distance  on  the  scale  at  the  left  is 
the  same  from  10  to  20  as  it  is  from  20  to  30  and  30  to  40.  A  curve 
which  rises  in  ten  years  from  10  to  20  represents  an  increase  of  100%. 

17 
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A  curve  which  starts  at  100  and  rises  in  ten  years  to  110  represents  an 
increase  of  only  10%.  In  Fig.  1  a  10%  increase  is  shown  by  the  same 
angle  as  a  100%  increase.  It  is  therefore  evident  how  impossible  it  is 
to  get  the  correct  comparison  of  the  rate  of  increase  between  a  large 
quantity  and  a  small  quantity  when  charted  on  ordinary  arithmetically 
ruled  paper. 

This  is  shown  very  clearly  by  charting  the  same  data  on  both  arith- 
metically and  semi-logarithmically  ruled  paper,  as  has  been  done  in 
Figs.  1  and  2.  Here  the  rate  of  growth  of  an  investment  of  $1  was 
compared  with  a  similar  investment  of  $6.  Both  investments  doubled 
every  ten  years.     The  growth  of  the  two  investments  was  as  follows : 

1870  $1.00  $6.00 

1880  2.00  12.00 

1890  4.00  24.00 

1900  8.00  48.00 

1910  16.00  96.00 

The  rate  of  increase  was  the  same  in  both  cases  and  yet  the  angles  at 
which  the  two  curves  rose  in  Fig.  1  were  so  unlike  that  it  was  hardly 
conceivable  that  there  was  any  relationship  whatever  between  the  two 
curves.  This  shows  how  misleading  it  is  to  attempt  to  compare  large 
and  small  quantities  on  the  ordinary  arithmetically  ruled  paper. 

The  correct  relationship  between  the  two  curves  can  be  shown  by 
charting  them  on  semi-logarithmically  ruled  paper  as  in  Fig.  2.  The 
rate  of  increase  is  the  same  in  both  the  upper  and  the  lower  curves, 
therefore  the  two  curves  are  parallel.  Because  the  rate  of  increase  is 
uniform  throughout  the  whole  period  from  1870  to  1910,  the  curves 
representing  the  two  investments  are  straight.  The  curves  in  Fig.  1 
give  the  erroneous  impression  that  the  larger  quantity  increases  much 
more  rapidly,  especially  between  1900  and  1910. 

The  mistake  in  attempting  to  compare  large  and  small  quantities  on 
the  same  arithmetically  ruled  chart  is  shown  bj^  a  comparison  of  Figs. 
3  and  4.  Here  are  charted  for  a  period  of  years  the  total  sales  and  sales 
cost  which  includes  the  salesmen's  salaries,  salesmen's  expenses  and  ad- 
vertising expen.ses.  The  details  of  these  figures  are  shown  in  the  tabu- 
lation in  Fig.  5. 

In  Fig.  3  the  data  are  charted  on  arithmetically  ruled  paper.  The 
** Total  Sales"  curve  being  much  larger  than  all  the  other  curves  stands 
out  prominently  at  the  top  of  the  chart,  while  the  salesmen's  salaries, 
salesmen's  expenses  and  advertising  expenses,  which  added  together 
make  up  the  sales  cost,  are  all  so  near  the  ba.se  of  the  diagram  that  it 
18  impossible  to  compare  the  latter  with  the  farmer.  When  these  data 
are  charted  on  semi-logarithmically  niled  paper  as  in  Fig.  4  the  ratio 
of  increase  or  of  decrea-se  becomes  instantly  apparent.  For  the  first 
time  it  is  possible  to  see  that  in  the  advertising  expenses  and  salesmen's 
expense  curves  there  has  really  been  more  fluctuation  than  there  has 
been  in  the  Total  Sales  curve,  the  growth  of  which  is  much  more  spec- 
tacular in  Fig.  3  than  it  is  in  Fig.  4. 

The  Cost  Index  which  appears  in  Fig.  4  is  a  very  useful  addition 
to  the  chart.    It  shows  how  many  cents  out  of  each  sales  dollar  go  to 
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sales  cost  This  is  read  from  the  bottom  of  the  chart  as  though  the  base 
line  were  one,  leaving  four  ciphers  off  each  number  in  the  scale.  In 
1910  the  Cost  Index  was  21  cts;  in  1911  it  had  dropped  to  17  cts. ;  in 
1912,  to  15  cts.,  while  in  1913  it  had  reached  12  cts.  In  1914  it  had 
gone  back  to  16  cts.  Since  then  it  has  been  going  down  until  it  was 
again  12  cts.  in  1916.  The  Cost  Index  line  which  is  usually  plotted  in 
red  ink  is  one  of  the  most  helpful  features  of  this  form  of  chart,  as  it 
enables  one  to  get  the  exact  situation  at  a  glance. 
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Recently  a  sales  manager  charted  all  the  expenses  that  went  into  the 
sales  cost  and  because  the  chart  looked  like  Fig.  3  he  concluded  that  the 
business  was  in  prime  condition.  He  showed  the  charts  to  a  friend  who 
suggested  that  he  might  get  a  new  viewpoint  of  his  business  problems 
by  using  semi-logarithmically  instead  of  arithmetically  ruled  paper. 
The  result  was  startling;  he  found  that  many  of  the  curves  presented 
an  entirely  different  aspect,  and  that  his  business  was  not  as  prosper- 
ous as  he  had  supposed. 

The  value  of  semi-logarithmic  paper  for  cost  and  record  analysis  is 
clearly  shown  in  the  following,  from  an  article  by  W.  J.  Cunningham, 
published  in  the  Railroad  Age  Gazette,  June  25,  1909. 

The  so-called  ** practical"  officer  (as  distinguished  from  his  technical 
associate)  is  learning  to  appreciate  the  superiority  of  diagrams  over 
tabular  work,  when  different  factors  are  to  be  compared  with  each 
other,  with  preceding  periods,  or  both. 

No  other  form  of  indicating  the  trend  of  receipts,  expenses  or  work 
done  (as  expressed  in  train,  engine,  car  or  ton  miles,  cars  handled,  tons 
handled,  etc.)  equals  the  graphic  method.  By  its  use  the  high  spots 
in  expenses  stand  out  like  danger  signals,  and  gradual  but  continued 
losses  in  efficiency  are  much  more  apparent  at  a  glance  than  a  careful 
study  of  the  figures,  by  themselves,  will  disclose.  It  is  trite  to  say  that 
statistics  in  their  usual  form  are  dry,  even  repellant,  to  the  busy  officer. 
He  prefers  to  deal  with  affairs  of  the  hour  or  the  morrow  rather  than 
study  post  mortem  tabulations.  But  when  the  same  information  is  put 
before  him  graphically  it  becomes  attractive,  and  is  replete  with  sug- 
gestions, both  corrective  and  productive. 

Under  certain  conditions,  however,  the  ordinary  form  of  graphic  chart 
is  slightly  misleading.  It  will  be  conceded  that  its  true  function  is  to 
portray  comparative  fluctuations.  This  result  is  practically  secured 
when  the  factors  or  quantities  compared  are  nearly  of  the  same  value 
or  volume,  but  analysis  will  show  that  this  is  not  accomplished  when 
the  amounts  compared  differ  greatly  in  value  or  volume.    The  fluct- 
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uations  shown  are  absolute  rather  than  relative.  The  extent  or  degree 
of  the  fluctuation,  as  indicated  by  the  ordinary  chart,  depends  in  a 
measure  on  the  proximity  of  the  curve  to  the  top  or  bottom  of  the  chart. 

As  an  illustration:  if  the  scale  has  a  range  of  1  to  100,  a  curve  be- 
ginning at  90  and  affected  by  an  increase  of  10%  would  move  upward 
nine  units  on  the  scale  to  99,  while  a  curve  beginning  at  10  and  affected 
by  the  same  percentage  of  increase  (10%)  would  move  upward  but  one 
unit  on  the  scale, to  11.  The  extent  of  the  change  in  the  curve  near 
the  top  of  the  scale  is  nine  times  greater  than  in  the  curve  near  the 
bottom  of  the  scale,  yet  in  each  case  the  relative  change  was  the  same — • 
10%,  The  chart  registers  the  actual  change  in  value,  rather  than  the 
ratio  or  percentage  of  change.  The  wider  the  range  of  the  scale  the 
greater  the  variation  between  actual  and  relative  changes. 

The  same  criticism  applies  to  charts  which  employ  two  or  more  scales 
for  various  curves.  If  the  different  scales  are  in  proper  proportion,  the 
result  is  the  same  as  with  one  scale,  but  when  two  or  more  scales  are 
used  which  are  not  proportional  an  indication  may  be  given  with  re- 
spect to  comparative  fluctuations  which  is  absolutely  false. 

The  percentage  scale  is  used  to  some  extent  in  graphic  charts  and 
corrects  the  deficiency  in  the  ordinary  chart  by  showing  the  changes  in 
percentages  of  increase  or  decrease.  But  in  correcting  one  deficiency, 
another  is  introduced.  The  percentage  scale  gives  no  clue  to  the  magni- 
tude of  the  quantity  represented  by  any  curve.  The  true  proportion  of 
relative  changes  is  shown,  but  the  actual  value  is  not  indicated.  The 
use  of  the  percentage  scale  also  involves  considerable  labor  in  comput- 
ing percentages  of  change. 

As  a  substitute  for  the  ordinary  (or  natural)  scale  and  the  scale  of 
percentages,  as  well  as  compound  scales,  the  semi-logarithmic  scale,  or 
scale  of  ratios,  practically  meets  the  requirements.  It  permits  the  ex- 
hibition of  both  actual  and  relative  values,  and  actual  and  relative 
fluctuations. 

To  illustrate  the  features  to  which  reference  has  been  made,  two 
■charts  are  presented,  each  showing  graphically  the  same  figures.  The 
data  are  taken  from  the  quarterly  accident  bulletins  of  the  Interstate 
Commerce  Commission  and  the  annual  reports  of  the  same  body.  The 
subject  of  train  accidents  is  of  sufficient  importance  in  itself  to  make 
either  chart  of  interest,  showing  as  each  does  the  close  relation  between 
accidents  and  volume  of  traffic.  The  '^ passenger  miles"  and  ''ton 
miles"  for  fiscal  year  ending  June  30,  1908,  are  estimated  from  the 
preliminary  report  of  the  commission  showing  passenger  and  freight 
revenue. 

Fig.  6  uses  the  ordinary  or  natural  scale;  Fig.  7  has  the  semi-loga- 
rithmic scale.  The  advantages  of  the  latter  are  apparent  by  comparison. 
On  the  natural  scale  fatal  injuries  reflect  little  change,  while  non-fatal 
injuries  fluctuate  within  wide  bounds.  Fatal  injuries,  being  so  much 
•smaller  in  number,  appear  very  near  the  bottom  of  the  chart,  and  it 
takes  a  very  marked  increase  or  decrease  to  register  an  appreciable 
change  in  the  curve.  On  the  othei*  hand,  non-fatal  injuries,  being  very 
much  greater  in  number,  are  near  the  top  of  the  scale,  and  a  very  slight 
percentage  of  increase  makes  the  line  shoot  upward. 
'    Fig.  7  shows  the  two  lower  lines  with  their  true  ratio  of  change  and 
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indicates  that  relatively  they  fluctuated  more  than  the  upper  lines.  Com- 
pare, for  instance,  the  third  quarter  of  1904.  Fatal  injuries  to  pas- 
sengers increased  from  23  to  228  (nearly  900%),  while  non-fatal  in- 
juries increased  from  1,134  to  2,154  (90%).  The  percentage  of  in- 
crease in  fatalities  in  that  quarter  was  ten  times  greater  than  the  per- 
centage of  increase  in  non-fatal  injuries,  yet  the  chart  with  the  natural 
scale  does  not  give  that  indication.  Fig.  7,  with  the  semi-logarithmie 
scale,  shows  the  relative  changes  in  true  proportion. 
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Fig.  6 — Natural  Scale 
Passengers  and   employees  killed  and 
injured  in  train  accidents.     ( From  quar- 
terly reports  of  the  Interstate  Commerce 
Commission.) 

A  ^Passenger  miles    (2,000  on  scale 

=  20  billion  passenger  miles). 
B  =  Ton-miles     (2,000    on    scale  =  20 

billion  ton-miles). 
C  =  Employees  injured. 
D  =  Passengers  injured. 
E:=  Employees  killed. 
F  =  Passengers  killed. 


Fig.  7 — Semi-Logarithmic  Scale 
Passengers   and   employees   killed   and 
injured  in  train  acidents,  all  railroads  in 
United  States.     (From  quarterly  reportSi 
of    the    Interstate    Commerce    Commis- 
sion.) 
A  =  Passengers  carried  1  mile   (2,000 
on  scale  :=  20  billion  passenger- 
miles)  . 
B  =  Ton-miles     (2,000    on    scale  =  20 

billion  ton-miles). 
C  =  Employees  injured. 
D  :=  Passengers  injured. 
E  =  Employees  killed. 
F  =  Passengers  killed. 


As  another  instance,  note  the  decrease  in  the  last  quarter  of  1907. 
Passengers  injured  dropped  from  2,663  to  2,125  (about  25%) ;  pas- 
sengers killed,  from  261  to  21  (92%).  The  percentage  of  decrease  in 
fatal  injuries  was  nearly  four  times  greater  than  in  non-fatal  injuries, 
yet  an  opposite  indication  is  given  by  Pig.  6.  The  true  ratio  of  change 
is  shown  on  Fig.  7. 

As  a  further  example  of  the  practical  utility  of  the  semi-logarithmie 
scale,  where  a  single  chart  with  the  ordinarv  scale  could  not  have  been 
used.  Fig.  8  is  presented,  showing  various  freight  statistics.  With  the 
fiatural  scale  the  fluctuations  in  'Hons  hauled  one  mile,"  "average  rate 
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per  ton  mile"  and  ''total  tons  hauled"  would  be  out  of  proportion  with 
the  other  curves  lower  on  the  scale.  In  fact,  the  curves  on  the  lower 
half  of  the  scale  would  be  so  close  together  as  to  make  them  ii^distin- 
guishable. 

No  matter  on  what  location  on  the  chart,  when  the  semi-logarithmic 
scale  is  used  the  angle  of  upward  or  downward  inclination  is  the  same 
in  all  curves  affected  by  the  same  percentage  of  change.  A  curve  hav- 
ing an  upward  inclination  equalling  the  distance  from  100  to  200,  200 
to  400,  300  to  600,  or  the  distance  between  any  number  on  the  scale 
and  double  that  number,  has  had  an  increase  of  100%.     In  other  words, 
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Fig,   8 — Semi-Logarithmic   Scale 
Freight  statistics  of  the  Boston  &  Albany;  year  ending  June  30. 


the  quantity  has  been  doubled.  It  will  be  noted  that  the  distances  on 
the  scale  from  200  to  400,  300  to  600,  etc.,  are  equal,  the  ratio  in  each 
case  being  1:2,  or  100%.  A  curve  having  an  upward  inclination  from 
100  to  300,  200  to  600,  300  to  900,  or  the  distance  between  any  number 
on  the  scale  and  three  times  that  number,  has  had  an  increase  of  200%. 
The  ratio  in  the  latter  cases  is  1:3,  or  200%. 

The  scale  for  decreases  works  somewhat  differently.  A  curve  having 
a  downward  inclination  from  100  to  80,  or  any  distance  equal  to  it  from 
any  starting  point,  has  had  a  decrease  of  20%.  A  downward  inclina- 
tion equal  to  the  distance  from  100  to  60  equals  40%  ;  from  100  to  40, 
the  percentage  of  decrease  is  60% ;  100  to  20,  80% ;  100  to  10,  90%. 
A  decrease  of  99%  would  be  reflected  by  a  curve  with  a  downward  in- 
clination equalling  the  distance  from  100  to  1;  99.9%  by  the  distance 
from  100  to  0.1;  99.99%  by  the  distance  from  100  to  0.01,  and  so  on^ 
ad  infinitum. 


24  HOW  TO  MAKE  AND  USE  GRAPHIC  CHARTS 

To  summarize:  With  the  ordinary  scale,  fluctuations  in  large  factors 
«re  very  noticeable,  while  relatively  greater  fluctuations  in  smaller  fac- 
tors are  barely  apparent.  The  semi-logarithmic  scale  permits  the 
graphic  representation  of  changes  in  every  quantity  on  the  same  basis, 
without  respect  to  the  magnitude  of  the  quantity  itself.  At  the  same 
time,  it  shows  the  actual  value  by  reference  to  the  numbers  in  the  scale 
column.  By  indicating  both  absolute  and  relative  values  and  changes 
to  one  scale,  it  combines  the  advantages  of  both  the  natural  and  per- 
centage scale,  without  the  disadvantages  of  either. 


CHAPTER  V 

Polar  Charts 

The  Polar  Chart,  Fig.  1,  consists  of  a  series  of  concentric  circles  Mo 
in.  apart.  The  larger,  or  outside  circles  are  divided  into  360  degrees, 
half-degree  marks  being  shown.  The  chart  is  numbered  both  clockwise 
and  counter-clockwise  from  0°   to  360°.     The  smaller  circles  are  not 
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as  finely  divided,  being  marked  off  every  two,  five,  or  ten  degrees  as 
they  approach  the  center. 

This  paper  was  designed  primarily  for  plotting  curves  by  polar  co- 
ordinates, for  which  purpose  it  is  as  suitable  as  the  rectilinear  chart  is 
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for  rectangular  co-ordinates.  Many  other  uses  have  developed,  such 
for  example  as  the  graphic  picturing  of  ratios,  where  the  entire  area 
bounded  by  one  of  the  circumferences  equals  unity  or  100 7r,  and  the 
component  parts  are  represented  by  sector  areas,  suitably  lettered, 
shaded,  etc.  Hourly  variation  for  a  single  day  may  be  best  shown  on 
this  chart,  taking  each  degree  equivalent  to  4  minutes  of  time.  Flow 
diagrams  so  plotted  may  be  planimetered.  Spherical  and  hemi-spher- 
ical  candle  powers  of  sources  of  light  are  plotted  on  this  paper. 

It  may  be  used  for  a  protractor  and  for  this  purpose  is  much  cheaper 
than  the  metallic,  celluloid  or  card-board  ones. 

Its  use  for  stadia  notes  is  described  on  page  521. 

In  Chapter  II  it  was  explained  how  the  position  of  a  point  with  re- 
spect to  another  could  be  located  by  rectangular  co-ordinates,  thus  de- 
termining the  distance  and  direction.  The  same  thing  may  be  accom- 
plished by  polar  co-ordinates,  having  given  the  length,  r,  which  one 
point,  a,  is  distant  from  another,  b,  and  the  angle  0,  which  the  line 
connecting  the  two  points  makes  with  the  horizontal  through  b,  known 
as  the  polar  axis,  Fig.  1. 

Any  function,  r,  of  a  single  variable,  B,  may  be  represented  by  a 
curve  in  polar  co-ordinates.  From  the  horizontal  polar  axis  lay  off 
the  given  values  of  6  as  angles,  taking  as  positive  the  counter-clockwise 
direction  about  the  origin.  Along  the  terminal  side  of  each  angle  B, 
iiieasure  off  to  the  scale  best  adapted  for  the  range  in  magnitudes,  the 
corresponding  lengths  of  r,  forward  for  positive  values  and  backward 
for  negative  ones.  Through  the  points  thus  determined  draw  a  smooth 
curve. 

Where  it  is  desired  to  plot  relative  values  the  use  of  the  rectilinear 
or  semi-logarithmic  chart  is  to  be  preferred  to  the  radial  plotting  for 
which  the  polar  chart  is  sometimes  used. 


CHAPTER  YI 

Isometric  Charts 

Isometric  drawing  combines  the  principles  of  mechanical  drawing 
and  perspective  drawing. 

In  a  mechanical  drawing  each  separate  view  of  an  object — front,  top, 
bottom  and  sides — is  shown  just  as  it  is  and  not  as  it  appears  to  an 
observer.  One  view  may  show  any  two  dimensions — length,  breadth 
or  thickness — but  it  requires  a  second  view  to  show  the  third  dimension. 
All  parallel  lines  of  the  object  are  drawn  parallel. 

Perspective  drawings  are  like  photographs,  showinior  an  object  as  it 
appears  and  three  separate  faces — front,  top  and  side,  for  example — 
are  shown  in  one  view,  parallel  lines  in  the  object  not  being,  parallel  in 
the  view  but  converging  toward  a  vanishing  point. 

In  an  isometric  drawing  all  parallel  Imes  of  an  object  are  drawn 
parallel  and  at  the  same  time  three  separate  faces  of  the  object  are 
shown  in  one  view.  The  principal  lines  are  vertical,  horizontal,  and  30 
or  60  degrees  to  the  horizontal. 

In  mechanical  drawing  the  center,  reference  and  dimension  lines 
are  vertical  and  horizontal,  while  in  isometric  drawing  these  lines  are 
drawn  at  an  angle  of  30  or  60  degrees  with  the  horizontal  and  vertical. 

Fig.  1  is  an  illustration  of  a  rectangular  block,  4  by  4  by  8  ins., 
Ii,  I2,  and  I3  being  isometric  drawings.  The  latter  show  the  block  in 
different  positions,  and  without  the  aid  of  isometric  paper  the  con- 
struction of  each  would  proceed  as  follows: 

For  Ii,  draw  center  lines  1-2,  3-4,  with  T-square  and  30  degree 
triangle  each  line  being  30  degrees  with  the  horizontal.  From  0,  the 
intersection  of  1-2,  3-4,  lay  off  2  ins.  along  01,  02,  03  and  04,  and  call 
the  points  5,  6,  7,  and  8.  Through  the  points  b,  c,  d,  draw  the  vertical 
lines  be,  cf,  dg,  8  ins.  long  and  connect  the  points  c,  f,  and  g. 

For  I2,  draw  center  lines  1-2,  3-4  as  above,  using  30  and  60  degree 
angles.  From  their  intersection,  O,  lay  off  05  and  06  4  ins.  long ;  07  and 
08  2  ins.  long.  Through  points  5,  6,  7,  8,  draw  lines  parallel  to  3-4,  1-2, 
and  the  view  abed  is  formed.  Through  b,  c,  d,  draw  the  vertical  lines 
be,  cf,  and  dg,  4  ins.  long  and  connect  points  e,  f  and  g. 

For  I3,  draw  center  lines  1-2,  3-4,  30  degrees  and  vertical.  From 
their  intersection,  O,  lay  off  05,  06,  07, -and  08,  2  ins.  long.  Through 
points  5,  6,  7  and  8,  draw  lines  parallel  to  3-4,  1-2,  and  the  view  abed 
is  formed.  Through  0,  30  degrees  with  the  horizontal,  draw  00',  8 
ins.  long.  Through  0',  draw  center  lines,  and  construct  efg  in  the  same 
method  as  abed. 

The  isometric  chart  has  been  devised  for  the  rapid  construction  of 
isometric  drawings.  It  has  lines,  vertical,  horizontal  and  at  angles  of 
60  degrees  to  the  horizontal.  When  the  chart  is  turned  90  degrees,  it 
gives  verticals,  horizontals  and  30  degrees  to  the  horizontal.     See  Fig.  1. 
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The  use  of  such  a  chart  obviates  the  necessity  for  T-square  and  30-60 
degree  triangle,  and  with  little  practice  one  may  become  very  adept  in 
presenting  views  by  this  method. 

To  those  who  carry  note  books  for  jotting  down  the  results  of  their 
observations,  a  few  sheets  of  this  paper  are  a  great  aid  and  time  saver. 

Fig.  1  shows  the  views,  I,,  1 2  and  I3  on  an  isometric  chart.  A 
straight  edge  was  used  to  rule  the  lines,  but  they  might  have  been 
drawn  free  hand  just  as  well,  and  one  great  advantage  is  that  the  side 
of  a  building  or  the  back  of  a  book  may  be  the  drawing  board,  the  cor- 
rect 30  and  60  degree  angles  still  being  obtainable. 

The  following  notes  by  D.  A.  Hampson,  published  in  Power,  June  8, 
1915,  show  the  value  of  isometric  drawings  for  the  purpose  described. 
While  Fig.  16  is  not  a  true  isometric  drawing  as  w^e  should  define  it, 
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Fig.  1 

yet  it  serves  the  purpose  of  illustration  and  could  be  drawn  on  isometric 
paper  easily. 

ifoBt  power-plant  engineers  can  make  pencil  sketches  of  th^  general 
appearance  of  parts  of  machinery,  showing  the  dimensions  and  thus 
conveying  the  desired  information  to  others.  Most  men  would  probably 
draw  freehand  two  or  three  views  on  the  back  of  a  report  sheet  and 
write  in  such  information  as  they  thought  the  drawing  failed  to  give. 
A  sketch  in  isometric  perspective,  or  sort  of  a  bird's-eye  view,  neces- 
sitates but  one  view  and  is  easy  to  make,  yet  engineers  generally  think 
it  beyond  their  ability.  Such  a  sketch  shows  the  parts  in  their  true 
relation  best  and  is  really  easier  to  draw. 

In  a  number  of  cases  repair  parts  made  from  drawings  capable  of 
being  misinterpreted  have  resulted  in  expensive  mistakes.  One  in- 
stance will  illustrate.  A  Corliss  engine  broke  one  of  the  bell  cranks. 
The  engineer  took  the  gear  apart  and  sent  a  helper  in  with  a  sketch  of 


ISOMETRIC  CHARTS 


29 


the  broken  piece,  Fig.  2.  I  could  see  that  he  had  laid  the  broken  crank 
on  the  paper  and  drawn  a  line  around  it,  and  then  put  on  such  dimen- 
sions and  notes  as  he  thought  were  necessary.  The  hub  was  shown 
dotted  and  there  was  a  chance  for  a  misunderstanding  as  to  which  side 
the  hub  should  be  on,  so  I  phoned  to  him  for  the  old  casting.  For  some 
reason  he  refused  to  part  with  it  and,  told  me  to  make  it  "just  as  it 
says  on  that  paper — and  be  quick  about  it,"  for  he  had  to  start  up  at 
6:30  o'clock. 

It  was  forged  out,  finished  and  delivered  after  working  hours.  Next 
morning  there  was  a  phone  callfor  another  crank  made  with  the  hub 
on  the  other  side,  "where  it  belongs."     The  second  crank  was  made  as 
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shown  in  Fig.  3,  but  there  was  trouble  when  the  bill  for  two  cranks  was 
presented.  Fortunately,  we  had  retained  the  engineer's  drawing  and 
the  first  crank. 

The  bill  was  not  paid  until  a  competent  person  had  passed  on  the 
correctness  of  the  work.  Of  course,  the  intentions  were  all  right,  but 
the  mistake  was  in  showing  the  hub  by  dotted  lines,  indicating  a  lower 
or  invisible  surface  according  to  the  rules  of  drawing.  The  engineer 
had  not  known  this  and  had  committed  the  error. 

A  little  time  spent  in  practice  will  make  anyone  fairly  proficient  in 
sketching.  It  is  interesting  and  is  helpful  even  when  correct  three- 
view  drawings  are  at  hand. 


CHAPTER  VII 
Trilinear  Charts 

The  trilinear  form  of  chart  lends  itself  admirably  to  the  investiga- 
tion and  demonstration  of  such  problems  as  those  involving  alloys  con- 
taining three  metals,  chemical  compounds  containing  three  elements, 
concrete  mixtures  containing  three  ingredients,  food  rations  containing 
three  dietetic  elements,  etc.  By  means  of  a  trilinear  chart  computa- 
tions can  be  made  graphically  without  the  necessity  of  figuring,  with  a 
speed  and  accuracy  that  is  very  remarkable.  After  plotting  upon  a 
trilinear  chart  the  various  mixtures  or  compounds  to  be  investigated, 
these  can  be  grouped  as  to  special  characteristics  by  the  lines  drawn 
upon  the  chart,  suggestive  of  contour  lines  upon  a  topographical  map, 
with  facility  and  dispatch. 

The  method  was  suggested  by  Professor  Feret  in  the  Annales  des 
Pont  et  Chaussees,  1892,  for  the  purpose  of  investigating  the  strength 
of  concrete  mixtures  containing  sand  of  different  grades. 

In  any  equilateral  triangle  the  sum  of  the  perpendiculars  from  any 
point  to  the  three  sides  is  equal  to  the  altitude  of  the  triangle.  There- 
fore, if  we  consider  that  the  altitude  of  the  triangle  represents  any 
number,  say  100%,  and  place  a  point  at  such  distances  from  the  three 
sides  that  those  distances  represent  the  percentages  of  the  three  elements 
or  ingredients  contained  in  the  body  represented  by  the  point,  the  loca- 
tion of  this  point  on  the  triangle  will  give  a  rigid  representation  of  the 
three  quantities  or  qualities  considered.  Thus,  in  Fig.  1  we  let  the 
triangle  ABC  represent  the  properties  that  we  desire  to  investigate 
in  a  balanced  food  ration.  Let  the  side  a  represent  the  line  of  zero 
carbohydrates;  the  side  b  the  line  of  zero  proteids;  the  side  c  the  line 
of  zero  fats.  Let  us,  therefore,  rule  the  triangle  in  parallel  lines  for 
convenience  in  plotting,  separating  each  side  from  its  opposite  apex 
by  50  divisions.  Then,  each  division  will  represent  2%  in  any  mix- 
ture of  foods.  We  shall  find,  for  example,  milk  containing  19%  proteid, 
29%  carbohydrate,  52%  fat,  by  a  definite  point,  and  only  one,  on  the 
triangle,  these  percentages  representing  the  proportions  of  food  value 
measured  in  calorics  obtainable  from  the  respective  elements  in  a  given 
quantity  of  milk.  We  can  likewise  plot  another  point  expressing  29% 
carbohydrate,  49%  proteid,  22%  fat,  which  will  represent  an  oyster.  In 
a  similar  manner  we  can  represent  any  food  by  its  constituents,  and 
if  we  further  make  a  note,  preferably  on  the  chart,  indicating  the 
quantity  necessary  to  develop  100  calories  of  nutritive  energy,  we  have 
a  ready  means  of  easily  computing  a  balanced  ration,  or  of  obtaining 
at  sight  a  purview  of  the  various  foods  to  be  considered  in  making  up 
such  rations  that  is  of  immense  help  both  hygienically  and  economically. 

Without  the  aid  of  such  a  chart  those  who  have  attempted  it  ap- 
preciate the  fact  that  the  computation  of  a  balanced  ration  for  soldiers, 
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iDabies,  pigs  or  chickens  is  a  matter  of  cutting  and  trying,  with  much 
arithmetic,  to  say  nothing  of  the  wear  and  tear  upon  one's  vocabulary 
and  temper.  These  computations  can  be  made  with  extra  rapidity  as 
a  result  of  a  peculiarity  of  the  trilinear  chart  to  which  it  appears  that 
Professor  Feret  was  the  first  to  call  attention.  For  example,  take  two 
points  on  the  chart,  one  representing  1/12  lb.  of  bread,  the  other  %  lb. 
of  chicken,  each  the  equivalent  in  fuel  value  of  100  calories.  If  we  draw 
a  straight  line  joining  these  two  points,  a  point  on  this  line  midway  be- 
tween them  will  represent  the  composition  of  a  mixture  of  an  equal 
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Fig.  1 


number  of  calories  of  each.  Thus,  the  point  x  will  indicate  a  bread  and 
chicken  mixture  containing  40.5%  carbohydrate,  47.5%  proteid,  and. 
the  balance,  12.0%  fat.  This  line  indicates,  moreover,  that  by  mixing 
bread  and  chicken  in  various  proportions,  we  can  make  a  ration  in- 
dicated by  various  points  along  this  line.  But  no  mixture  of  bread 
and  chicken  will  enable  us  to  put  up  a  ration  indicated  by  any  other 
point  than  one  on  this  line.  If  we  wish  to  keep  our  proteid  element 
near  to  15%  we  must  make  the  mixture  mostly  bread,  or  if  we  wish  to  keep 
our  carbohydrate  quantity  low  we  must  put  in  a  large  amount  of  chicken 
and  a  smaller  amount  of  bread.  If,  now,  we  wish  to  add  another  eV- 
ment  to  the  ration  we  can  do  so  graphically.     Let  us  add  enough  milk 
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for  100  calories,  or,  say  ^i  lb.  and  if  we  take  100  calories  each  of  chicken, 
bread  and  milk  we  may  determine  the  food  value  of  our  mixture  by 
drawing  a  smaller  triangle  connecting  the  three  points  and  finding  the 
center  of  gravity  of  this  triangle  by  drawing  the  median  lines  (lines 
joining  each  apex  to  the  middle  of  the  opposite  side)  as  indicated  by 
the  point  y  in  Fig.  1.  We  can  then  read  directly  from  the  chart  that 
such  a  mixture  will  contain  37.6%  proteid,  36.8%  carbohydrate  and  the 
balance  25.6%  fat. 

We  know  that  for  an  adult  it  is  desirable  to  have  a  food  ration  con- 
taining about  12%  proteid  which  we  can  indicate  by  drawing  a  line 
12%  from  the  side  b  of  the  large  triangle.  It  is  apparent  that  the  mix- 
ture indicated  by  the  point  y  is  too  far  to  the  left  of  this  line  for  proper 
economy,  and  in  order  to  properly  balance  it  we  should  add  more  ele- 
ments low  in  proteid.  Point  y  indicates  300  calories.  We  can  add  more 
milk  if  we  so  desire  by  drawing  a  line  connecting  the  point  y  and  the 
point  representing  milk  and,  remembering  that  the  point  y  has  a  weight 
of  300  calories  and  the  milk  point  a  weight  of  100  calories,  by  adding 
say  300  more  calories  of  milk  we  will  obtain  another  point  z  contain- 
ing 600  calories,  represented  by  IH  lbs.  of  milk,  Vs  lb.  of  chicken,  and 
M2  lb.  of  bread.  In  order  to  come  still  closer  to  our  balanced  proteid 
line  we  may  add  more  bread  and  butter  by  taking  a  bread  and  butter 
portion  amounting  to  ^  ounce  of  butter  and  Vi^  lb.  of  bread,  thus  adding 
the  element  w  containing  200  calories  which  we  can  combine  with  the 
z  point  above  determined  by  drawing  a  line  between  them,  and  since 
w  has  a  value  of  200  calories  and  z  a  value  of  600  calories  the  point 
represented  by  the  mixture  of  w  and  z  will  be  ^  of  the  distance  between 
them  from  the  z  end.  Two  "more  portions  of  bread  and  butter  added 
to  the  above  figures  would  locate  our  final  point  halfway  between  w  and 
z  and  give  us  a  point  v  which  is  quite  close  to  our  economic  proteid  line 
and  contains  enough  fuel  value  for  an  ordinary  workman's  dinner. 
It  is  also  well  balanced  as  to  fat  and  carbohydrate.  This  final  point  v 
contains  approximately  17%  of  proteid,  37%  carbohydrate,  and  the  bal- 
ance of  fat.  This  entire  computation  can  be  made  on  the  chart  in  less 
than  two  minutes,  and  the  author  is  not  familiar  with  any  other  method 
of  getting  the  same  results  in  less  than  half  an  hour. 

If  we  desire  to  analyze  the  ration  with  respect  to  its  proteid  and  fat 
elements  alone  we  may  draw  a  line  from  A  through  the  point  v  and  cut- 
ting the  line  B  C  at  a  point  which  shows  us  that  of  the  proteid  and  fat 
elements  the  ration  contains  28%  of  the  former  and  72%  of  the  latter. 

To  the  metallurgi.st  there  will  at  once  occur  many  ways  in  which 
such  a  form  of  chart  can  be  used  with  economy  of  time.  Another  very 
useful  peculiarity  of  this  form  of  chart  is  that  lines  may  be  drawn  upon 
the  chart  indicating  points  of  similar  characteristics.  Thus,  Professor 
Feret  showed  how  mixtures  containing  different  grades  of  sand  of  the 
same  strength  or  of  the  same  capacity  for  taking  up  water  could  be 
ezpreased  by  lines  through  these  points  upon  the  chart,  enabling  mix- 
tures to  be  made  up  by  the  interpolation  of  certain  predetermined  char- 
acteristics. 

The  following  article  by  Edward  J.  Brady  is  from  the  Journal  of  the 
Franklin  Institute,  February,  1918. 

Trilinear  co-ordinates  to  express  the  characteristics  of  alloys  consist- 
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ing  of  three  different  metals  were  first  used  by  Professor  Thurston  in 
1877. 

For  a  better  illustration  of  their  value,  we  may  cite  their  use  in  the 
theory  of  color  where  any  integral  color  may  be  represented  by  a  point 
on  a  triangle,  each  corner  representing  100%  of  one  of  the  three  primary 
sensations. 

The  fact  that  this  method  of  graphical  representation  can  be  ad- 
mirably applied  to  the  determination  of  the  characteristics  of  gas  mix- 
tures seems  to  have  been  overlooked. 

In  a  mixture  of  three  gases  the  heating  value  of  the  mixture  is  equal 
to  the  sum  of  the  products  of  the  percentage  of  each  constituent  multi- 
plied by  its  respective  heating  value.  This  is  also  true  of  specific  grav- 
ity, as  well  as  the  amount  of  air  necessary  for  complete  combustion. 

It  follows  from  the  above  that  if  on  each  of  the  three  corners  of  a 
^'gas  mixture  triangle"  we  erect  perpendicular  lines  proportional  to  the 
heating  value  of  the  constituent  at  that  corner,  the  upper  ends  of  these 
lines  will  determine  a  plane.  This  plane,  which  we  may  call  the  heat- 
ing value  plane,  will,  in  general,  make  an  angle  with  the  plane  of  the 
paper.  Contours,  or  lines  of  equal  heating  value,  drawn  upon  this 
plane  will  be  straight  parallel  lines,  making  angles  with  the  sides  of  the 
triangle,  depending  upon  the  heating  value  of  the  particular  gases 
mixed.  Such  lines  are  the  loci  of  an  infinite  number  of  mixtures  of  the 
three  gases  represented,  all  having  the  same  heating  value. 

Similar  systems  may  be  drawn  for  specific  gravity  and  air  required 
for  complete  combustion. 

The  latter  system  will,  in  general,  be  almost  parallel  with  the  heat- 
ing value  contours,  because  of  the  fact  that  heating  value  is  roughly 
proportional  to  the  number  of  O2  atoms  required  for  complete  com- 
bustion. 

Specific  gravity  contours  or  lines  of  equal  gravity  generally  cross  the 
heating  value  lines  at  certain  angles.  It  is  thus  possible  to  eliminate 
one  of  these  variables  from  experiments  on  gas  mixtures. 

Travelling  along  one  of  the  gravity  contours  changes  the  heating 
value  but  not  the  gravity,  and  vice  versa. 

These  lines  are  all  straight  because  of  the  linear  relation  between 
the  particular  characteristics  so  chosen,  viz.,  heating  value,  gravity,  etc., 
and  the  quantity  of  gas  involved. 

However,  other  characteristics  of  the  mixture  may  also  be  repre- 
sented, as  velocity  of  inflammation  by  curved  lines. 

The  ''gas  mixture  triangle"  is  not  limited  to  pure  gases.  We  may 
determine  the  characteristics  of  such  gases  as  coal  gas,  water  gas,  and 
oil  gas  in  the  ordinary  way,  using  these  values  to  construct  a  triangle, 
and'proceed  as  above.  The  quality  of  a  mixture  may  be  decided  upon 
and  its  position  on  the  diagram  located  at  a  point.  A  circle  drawn  with 
the  point  as  a  center  will  establish  a  tolerance  outside  of  which  the  mix- 
ture must  not  fall.     Other  uses  will  suggest  themselves. 

Trilinear  Chart  for  Coal  Analysis.  Technical  Paper  93  of  the  De- 
partment of  the  Interior  by  Oliver  C.  Ralston  is  entitled,  ''Graphic 
Studies  of  Ultimate  Analyses  of  Coals."  Without  quoting  in  detail  the 
results  of  these  studies  the  following  has  been  abstracted  and  explains 
the  application  of  trilinear  co-ordinates  to  Mr.  Ralston 's  methods. 
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This  paper  presents  the  results  of  a  study  of  the  most  reliable 
published  analyses  of  coal.  The  anah'ses  are  studied  from  several  differ- 
ent angles,  a  special  type  of  trilinear  co-ordinates  being  used  for  plotting 
the  ultimate  analyses  of  coals  in  terms  of  the  recalculated  percentages 
of  carbon,  hj'drogen, ,  and  oxj^gen,  and  the  nitrogen  and  sulphur  being 
ignored,  as  they  are  known  to  be,  to  some  extent,  organic  constituents 
of  the  coal  substance,  but  in  very  small  amounts  and  varying  accord- 
ing to  no  known  laws.  The  analyses  are  calculated  to  a  moisture-free, 
ash-free,  nitrogen-free,  and  sulphur-free  basis,  so  that  C  +  H  +  0  = 
100%. 

By  the  use  of  such  a  system  of  trilinear  co-ordinates  it  is  possible  to  rep- 
resent these  three  variables  by  one  point  on  a  diagram,  and  a  fourth  varia- 
able  can  be  plotted  on  an  axis  perpendicular  to  the  plane  of  the  diagram. 
As  a  fourth  variable  there  have  been  used  such  entities  as  time,  pressure, 
volatile  matter,  and  calorific  value,  and  the  results  have  revealed  certain 
facts  and  laws  that  have  not  been  suspected,  as  well  as  showing  graph- 
ically much  information  that  has  been  expressed  in  extensive  tables  of 
figures  and  in  long  statements  that  have  been  difficult  of  interpretation. 

Former  workers  have  not  been  able  to  get  a  definite  line  of  division 
between  the  different  kinds  of  coals,  most  of  them  having  been  able  to 
plot  with  only  two  variables  at  one  time,  and  none  of  them  having  been 
able  to  plot  all  three  of  the  fundamental  constituents — carbon,  hydrogen, 
and  oxygen.  The  lines  of  division  between  the  fields  that  separate  dif- 
ferent kinds  of  coals  on  the  ternary  diagram  would  have  to  bear  some 
simple  relation  to  the  axes  of  co-ordinates  if  any  of  the  two-variable  or 
three- variable  methods  of  plotting  heretofore  used  were  to  be  successful, 
but  they  do  not.  The  statement  that  the^e  boundary  lines  would  have  to 
bear  p,ome  simple  relation  to  the  axes  of  co-ordinates  means  that  they 
would  have  to  be  either  parallel  or  perpendicular  to  them.  The  mathe- 
matics of  this  statement  will  become  evident  after  the  use  of  the  diagram 
has  been  explained. 

All  the  coal  analyses  plotted  fall  in  a  rather  narrow  band  across  the 
diagram,  with  only  one  distinct  curve  in  it.  The  width  of  this  band  is 
considerably  more  than  that  due  to  the  total  error  of  analysis,  so  that 
it  can  not  be  assumed  that  the  band  would  narrow  to  a  line  if  all  of  the 
errors  were  eliminated.  This  gives  one  more  reason  why  former  investi- 
gators have  failed  to  reach  conclusions  that  apply  to  all  coals  from  the 
consideration  of  such  ratios  as  that  of  carbon  to  oxygen  or  of  hydrogen 
to  oxygen,  as  the  coals  on  the  upper  side  and  those  of  the  lower  side  of 
the  band  differ  distinctly,  but  otherwise  are  close  together  in  composi- 
tion. The  ability  to  plot  all  three  of  the.se  variables  against  one  another 
has  allowed  much  more  rigid  and  valuable  conclusions  to  be  drawn. 
Also,  the  amount  of  available  hydrogen  can  be  road  directly  from  the 
diagram,  and  this  entity  can  hence  be  used  to  advantage  when  so  desired. 

The  fundamental  theorem  in  geometry  upon  which  the  equilateral  sys- 
tem of  trilinear  co-ordinates  is  based  can  be  .stated  as  follows:  '*In 
any  equilateral  triangle  (Fig.  2)  the  sum  of  the  three  perpendiculars 
from  any  point,  p,  to  the  three  sides  of  the  triangle  is  a  constant." 
This  constant  can  be  made  100%,  and  each  perpendicular  can  be  made 
to  represent  the  percentage  of  some  one  constituent  of  a  ternary  mixture. 
Thus,  in  the  case  of  oxygen,  hydrogen,  and  carbon  the  percentage  of 
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* 
each  in  a  coal  can  be  represented  by  the  perpendicular  distance  of  the 
point  representing  the  coal  from  the  respective  bases  of  the  triangle.  It 
IS  easily  seen  that  any  specific  ternary  mixture  of  this  kind  is  represented 
by  one  point  only  within  the  triangle.  The  composition  of  cellulose, 
CeHjoOs,  calculated  to  percentages  by  weight  of  each  constituent,  is 
plotted  in  Fig.  2.  The  analysis  of  a  ternary  mixture  must  be  calculated 
to  percentages  by  weight,  which  should  total  100%. 


100  per  cent  jj^q         Line  of  zero  carbon  100  per  cent 

Fig.  2 — Triangle  to  illustrate  equilateral  theorem 

For  convenience  in  plotting,  the  triangle  is  often  ruled  off  into  spaces 
for  every  10%  or  for  every  1%,  or  subdivisions  of  1%,  if  the  scale  used 
is  large  enough  (Fig.  3).  An  examination  of  Fig.  3  will  show  how  a 
point  is  plotted,  and  anyone  unfamiliar  with  this  kind  of  co-ordinates 
would  do  well  to  pick  out  the  points  on  this  diagram  representing  10% 
and  multiples  of  10%,  such  as  the  point  representing  a  compound  con- 
taining 70%  carbon,  10%  hydrogen,  and  20%  oxygen. 

Several  important  properties  of  the  co-ordinates  are  as  follows : 

First,  a  point  on  one  of  the  side  lines,  say  the  one  designated  "H2O" 
(Fig.  2),  is  on  the  zero  line  of  the  element  that  reaches  100%  at  the 
vertex  opposite,  and  hence  represents  a  compound  that  contains  only  two 
elements.  Consequently,  compounds  containing  only  two  elements,  such 
as  CO2,  CO,  CH4,  and  H2O,  will  all  be  on  one  of  the  edges  of  the  triangle. 
In  the  same  way  pure  oxygen  is  represented  by  one  of  the  vertices  of 
the  triangle  where  the  zero  lines  of  the  other  two  elements  meet. 

Next,  if  a  line  be  drawn  from  one  vertex  to  an  opposite  side,  sucii 
as  the  one  from  the  carbon  vertex  to  the  point  HoO  (Fig,  2),  then  a 
certain  simple  relation  exists  between  the  co-ordinates  of  any  series  of 
points  along  this  line.  For  example,  consider  the  points  Pi  and  p^,  for 
which  the  ordinates  representing  the  percentages  of  hydrogen  and  oxygen 
are  a^,  a^,  &i,  and  h^,  respectively.     It  is  evident  that  by  the  application 
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of  the  theorems  of  similar  triangles  the  following  ratio  holds : 
Oj  -f-  a,  =  6i  -r-  ftg,  and  the  same  ratio  of  hydrogen  to  oxygen  holds  for 
the  points  representing  cellulose  and  water.  That  is  to  say,  for  all  the 
points  along  this  particular  line  the  ratio  of  oxygen  to  hydrogen  is  con- 
stant, which,  in  the  line  chosen,  happens  to  be  the  right  ratio  for  them 
to  form  water.  In  other  words,  all  of  the  so-called  ''carbohydrates" 
fall  on  this  line.  The  same  constancy  of  ratio  holds  for  one  of  the  pairs 
of  components  whenever  a  straight  line  is  drawn  through  a  vertex'^of 
the  triangle. 

Also  for  a  series  of  points  along  a  line  parallel  to  one  of  the  sides  of 


Oxjgm, 


Hydrosen, 
100  per  cent 


Fig.  3 — ^Trilinear  co-ordinates  on  an  equilateral  triangle 

the  triangle  there  is  a  constant  percentage  of  the  constituent  whose  zero 
line  is  represented  by  that  side.  Such  is  the  line  cd  in  Fig.  2,  where 
points  c  and  d  and  all  other  points  along  this  line  would  represent  a 
constant  percentage  of  carbon — 10%  in  this  case. 

La-stly,  if  a  compound,  such  as  cellulose  (Fig.  2),  loses  some  such  con- 
stituent as  HjO,  the  composition  of  the  residue  will  have  to  change  along 
a  straight  line  drawn  through  the  two  points  representing  IIoO  and 
cellulose  to  some  point  like  p,  or  pj  on  the  side  away  from  the  point 
representing  H^O.  Or,  if  cellulose  were  to  gain  water  the  composition 
of  the  complex  would  be  changed  along  this  same  straight  line  toward 
the  point  H,0. 


CHAPTER  VIII 

Nomographic  or  Alignment  Charts 

The  nomographic  or  alignment  chart  differs  from  the  rectilinear  and 
logarithmic  ones  in  that  it  consists  of  axes  which  are  usually  vertical  and 
parallel,  whereas  the  others  have  axes  which  cross.  Further,  scaled  or 
cross-sectioned  paper  is  of  little  advantage  in  the  construction  of  nomo- 
graphic charts  as  the  scales  of  all  of  the  axes  may  be  different. 

The  main  difference  between  the  two  types  of  charts  is  described  in  the 
following  abstract  from  an  article  Nomography,  by  F.  L.  Martineau, 
assisted  by  A,  M.  Arter,  in  Automotive  Industries,  May  16,  1918 : 

It  is  usual  to  represent  two  variable  formulae  by  a  graph  in  cartesian 
co-ordinates,  the  abscissae  representing  the  values  of  one  variable  and  the 
ordinates  the  values  of  the  other.     In  such  a  case  a  definite  curve  is 
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Fig.    1 — Graph    of    numbers    and    re- 
ciprocals 


formed  (see  Fig.  1)  in  which  the  abscissa  a  and  the  ordinate  h  of  any 
point  on  the  curve  represent  corresponding  values  of  the  variables. 

In  this  instance 

h  =  l/a} (1) 

i.e.,  h  is  the  reciprocal  of  a. 

Here  the  intervening  values  have  to  be  read  by  the  intersection  of  the 
two  lines  representing  abscissa  and  ordinate,  and  as  a  consequence  inter- 
polation is  difficult.  The  corresponding  ''nomogram"  becomes  one  line 
with  two  scales,  one  reading  on  each  side. 

Two  different  nomograms  are  given  in  Fig.  2  to  show  this,  and  are 
both  converted  from  Fig.  1. 

In  each  instance  a  is  the  right-hand  scale,  i.e.,  the  number,  and  h  is 
the  left-hand  scale,  i.e.,  the  reciprocal.  In  (I.)  the  number  scale  is 
regular  and  the  reciprocal  scale  varied  to  suit  it,  while  in  (II.)  both  scales 
are  logarithmic  scales,  the  one  reversed  on  the  other.  It  will  be  noticed 
that  in  this  instance  interpolation  for  intermediate  values  is  quite  easy, 
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and,  further,  that  the  diaj^ram  with  the  logarithmic  scale  renders  this 
more  simple  than  the  regular  scale. 

When  a  graph  is  made  to  represent  three  variables  in  cartesian  co- 
ordinates, it  is  necessary  that  two  should  be  indicated  by  abscissa  and 
ordinate  respectively,  and  that  a  series  of  curves  should  be  drawn  repre- 
senting definite  known  values  of  the  third  variable. 

The  diagram  given  in  Fig.  3  shows  such  a  graph,  in  which  the  ordi- 
nates  indicate  the  fuel  used  in  pounds  per  horsepower  per  hour  by  an 
engine  and  the  abscisste  the  thermal  eflficiency  per  cent,  while  a  series 
of  cur\Ts  are  drawn  representing  known  values  of  fuel  in  British  thermal 
nnits  per  pound. 

If,  as  an  example,  it  is  desired  to  find  the  efficiency  of  an  engine  using 
fuel  of  value  17,700  B.t.u.'s  per  lb.  and  consuming  0.54  lb.  per  hp.  per 
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Fig.  3— Thermal  efli- 
ciency  "intersection" 
diagram 


S.  M- 

1"^ 


i 

a  -» 


I 


r:... 


-0-8  i 

-0.7  k 


PifT.  4 — Tliormal  effi- 
ciency "alignment" 
diagram 


hour,  then  it  is  necessary  to  interpolate  the  value  of  the  fuel  and  after- 
ward refer  to  the  base  line  for  the  efficiency.  This  operation  is  ex- 
tremely difficult  in  a  diagram  of  this  type,  and  one  likely  to  lead  to 
error.  When,  however,  this  "intersection"  diagram  is  changed  to  a 
** nomogram"  or  ** alignment"  diagram,  all  these  difficulties  disappear 
and  the  reading  is  rendered  much  more  accurate. 

Fig.  4  shows  a  nomogram,  from  which  by  the  simple  drawing  of  one 
straight  line  the  thermal  efficiency  of  any  engine  can  be  at  once  obtained. 
The  diagram  can  obviou.sly  be  used  for  either  indicated  or  brake  effi- 
ciency as  may  be  desired. 

It  will  be  noticed  that  it  has  been  possible  to  make  this  diagram  over 
a  much  larger  ranire  than  the  other — so  large,  in  fact,  as  to  make  it 
include  almost  all  u.sual  fw]  values  and  all  reasonable  consumptions. 

A  further  reference  to  Fig.  3  will  show  that,  should  it  be  required  to 
read  this  diagram  in  metric  measurements,  it  can  be  arranged  with  the 
ordinate  scale  graduated  also  in  grammes  of  fuel  per  horsepower  per 
hour,  but  the  curves  drawn  across  the  diagram  to  represent  fuel  values 
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will  not  then  read  in  round  numbers  for  calories  per  kilogram  of  fuel, 
so  that  the  question  of  interpolation  will  become  still  more  difficult. 

In  the  nomogram  Fig.  4,  however,  both  scales  are  easily  graduated 
to  read  in  British  and  metric  units ;  under  these  conditions  it  is  therefore 
possible  to  read  either  or  both  and  make  a  comparison  between  tests 
carried  out  under  both  units  of  measurement. 

In  the  construction  of  a  nomographic  or  alignment  chart  it  requires 
more  or  less  calculating  to  determine  the  most  suitable  scales  for  the 
different  axes  and  also  to  compute  the  correct  distances  apart  which  the 
axes  should  be.  A  method  of  doing  these  things  mathematically  is 
described  by  Geo.  L.  Hedges  in  Machinery,  March,  1918,  as  follows : 

An  alignment  chart,  often  called  a  "straight-line  diagram,"  is  a 
form  of  calculation  diagram  that  is  often  much  simpler  to  make  and 
to  use  than  is  the  ordinary  curve  plot  on  rectangular  axes.  In  its  usual 
form,  such  a  chart  consists  of  three  or  more  parallel  axes,  usually  vertical, 
the  number  depending  on  the  number  of  variables  in  the  formula  to 
be  plotted.  To  use  such  a  chart,  known  values  on  two  axes  are  joined 
by  a  straight  line,  the  intersection  of  which  with  the  third  axis  gives 
the  desired  value.  With  a  chart  of  more  than  three  axes,  this  inter- 
section is  joined  to  a  known  value  on  a  fourth  axis  by  a  straight  line,  and 
its  intersection  with  a  fifth  axis  gives  the  desired  value.  If  there  are 
more  than  five  variables,  the  straight-line  operation  is  again  repeated. 

Alignment  charts  are  additive  charts ;  therefore,  a  formula  to  be  plotted 
with  this  type  of  chart  must  be  expressed  as  the  algebraic  sum  of  func- 
tions of  the  variables,  that  is,  in  the  form : 


F{Y)=F{X)-i-FiZ)-{-  .  .  . 

The  functions  of  the  variables  may  be  the  variable  itself,  its  products, 
logarithmic  functions,  trigonometric  functions,  etc.  The  axes  are  named 
for  the  variables  and  are  graduated  to  the  functions  of  the  variables. 
The  usual  engineering  formulas  consist  of  the  product  of  functions  of 
the  variables,  as : 

F(Y)=F{X)XF{Z)X  .  .  . 

These  may  always  be  expressed  as  the  sum  of  functions  of  the  variables, 
as: 

hog F {Y)=log F iX)+ log F{Z)-{-  .  .  . 

in  which  form  they  are  adapted  for  an  alignment  chart.  The  axes  are 
named  for  the  variables  and  graduated  to  the  logarithmic  functions  of 
the  variables,  the  scales  used  depending  on  the  formula  being  plotted  and 
on  the  chart  size  desired. 

To  graduate  the  axes,  decimal-divided  scales  with  a  table  of  logarithms 
are  generally  used.  However,  if  many  charts  are  to  be  made,  a  set  of 
special  logarithmic  scales  on  different  bases,  say  from  2  to  10  inches,  will 
be  found  convenient.  Decimal  scales  are  divided  into  parts  of  an  inch 
and  numbered  continuously  every  ten  divisions;  that  is,  one  unit  on 
the  scale  equals  ten  divisions. 

Let  S  =  scale  number  and 

I  =  length  of  unit  on  scale,  in  inches. 
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Then  the  relation  between  the  length  of  unit  and  the  scale  number 
of  a  decimal-divided  scale  is : 

10  10 

S  =  ~   or  i  =  —  (1) 

I  8 

That  is,  on  the  50  scale  of  an  engineer  *s  scale  the  length  of  one  unit 
is  Z  =  10/50  =  1/5  inch.  There  are,  of  course,  any  number  of  possible 
scales,  eacll  with  its  corresponding  value  of  /;  but  generally  the  10,  20, 
30,  40,  50  and  60  scales,  and  the  10  or  0.1  multiples  thereof,  are  used, 
as  these  may  be  plotted  with  the  ordinary  triangular  engineer's  scale. 
The  values  of  the  scale  number  and  the  scale  corresponding  to  different 
values  of  /  are  given  in  Table  1. 

TABLE    1.     VALl'ES    OF    SCALE    NUMBER    AND    SCALE    ON    ENGINEERS' 
SCALE  CORRESPONDING  TO  DIFFERENT  VALUE  OF  1 
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100 
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60 
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% 

30 

30 

25 

0.4 

2% 

4 
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0.5 

2 

5 
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50 

50 

16% 

0.6 

1% 

6 

% 

60 
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Machinery 

The  principal  labor  in  the  making  of  an  alignment  chart  is  in  arrang- 
ing the  lengths  of  the  axes,  or  the  distance  along  the  axis  between  extreme 
graduations,  so  that  available  decimal  scales  may  be  used. 

Let  6?  =  length  of  axis,  in  inches; 

(i  =  function  difference,  or  numerical  difference  between  extreme 
values  of  function  plotted  on  axis. 

Then: 

G=ld  (2) 

The  value  of  G  for  the  longest  axis  determines  the  height  of  the  chart. 
A  graduated  axis  is  used  for  each  variable;  with  formulas  of  more  than 
three  variables,  ** dummy"  axes,  which  usually  are  not  graduated,  are 
required.  These  dummy  axes  represent  the  partial  additions  in  the 
formula,  and  are  three  less  in  number  than  the  number  of  variables. 

The  procedure  in  the  making  of  an  alignment  chart  can  best  be  shown 
by  examples.  The  example  given  in  Fig.  5,  the  chart  for  a  simple  for- 
mula of  three  variables,  shows  the  general  scheme  of  procedure;  the 
charts  given  in  Figs.  6  and  7,  for  more  complicated  formulas,  illustrate 
special  features  of  the  work.  It  is  desirable  to  make  use  of  a  tabular 
form  as  shown  in  the  examples.  With  a  formula  of  throe  variables,  the 
first  two  lines  of  the  tabular  form  are  used  for  the  known  variables  and 
the  third  line  for  the  unknown  variable.  With  a  formula  of  more  than 
three  variables,  the  first  two  lines  of  the  form  are  used  for  two  known 
variables  and  the  third  for  a  dummy  axis,  which  represents  the  sum 
of  the  functions  of  these  two  known  variables.  The  fourth  line  is  used 
for  a  third  known  variable,  and  the  fifth  line  for  the  resultant  of  it 
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and  the  first  dummy  axis;  and  so  on  for  additional  variables.     The 
tabular  columns  of  the  form  should  be  filled  in  in  the  following  order: 

1.  Name  of  axis. 

2.  Symbol.  That  is,  the  symbol  of  the  quantity  whose  function  is 
plotted.  This  quantity  must  be  some  function  of  the  variable  repre- 
sented by  the  name  of  the  axis.     Constants  in  the  formula  are  neglected 


—  2 


Machinertf 
Fig.  5 — Chart  for  determining  Moment  of  Inertia  of  a  Rectangle 


in  the  tabular  form;  the  constant  serves  merely  to  locate  the  position 
of  the  graduations  on  the  intermediate  axis,  and  this  position  will  be 
determined  in  a  more  direct  manner,  which  is  explained  later. 

3.  Number  limits.  Assume  maximum  and  minimum  values  of  the 
known  variables  and  find  the  corresponding  values  of  the  unknown 
variable. 
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4.  Function  limits.  The  values  of  the  functions  of  the  variables  given 
by  their  number  limits. 

5.  Function  difference.  The  arithmetical  difference,  for  each  variable, 
between  its  function  limits. 

6.  Lengrth  of  unit  /  on  a  decimal-divi'ded  scale,  or  the  factor  by  which 
to  multiply  tlie  function  difference  to  get  the  actual  length  G  between 
extreme  graduations  on  the  axis. 

7.  Actual  length  G,  in  inches,  between  extreme  graduations  on  an  axis. 

8.  Scale  number.  The  scale  number  for  an  unknown  variable  axis  is 
the  sum  of  the  scale  numbers  of  the  axes  of  which  it  is  a  resultant. 

9.  Equivalent  scale.  This  is  the  scale  which,  used  with  the  symbol 
with  exponent  omitted,  will  give  the  identical  graduation  as  by  the 
given  scale  and  given  symbol.  The  equivalent  scale  number  is  obtained 
by  dividing  the  given  scale  number  by  the  exponent  of  the  symbol. 

Let  X  =  exponent  of  symbol ; 

E  =  ecjuivalont  scale  number. 
Then : 

S 
E  =  -  (3) 

X 

In  the  chart  in  Fig.  7,  for  the  axis  ''Gallons  per  Minute,"  the  symbol 
is  Q^^^  and  the  scale  number  is  2;  hence  the  equivalent  scale  number 
is  2  divided  by  2/5  =  5.  This  means  that  Q  plotted  with  the  5  scale 
(the  50  scale  should  be  used)  gives  the  same  graduation  as  Q^/^^  plotted 
with  the  2  scale  (using  the  20  scale),  and  is  much  easier  to  plot. 

10.  Scale  to  use,  shown  by  Table  1. 

A  sketch  should  now  be  made  showing  the  positions  of  the  axes  and 
the  directions  of  graduations  thereon,  and  the  values  of  maximum  and 
minimum  numbers  whose  functions  are  plotted.  The  width  of  the  chart 
is  determined  by  the  fact  that  for  accurate  reading  the  intersecting  line 
used  in  reading  the  chart  should  never  make  an  angle  much  greater 
than  45  degrees  with  the  axes.  Where  it  may  be  necessary  to  draw  a 
line  from  the  upper  end  of  one  axis  to  the  lower  end  of  the  other,  the 
chart  should  be  approximately  square;  where  the  line  will  usually  be 
drawn  nearly  horizontal,  the  width  may  be  considerably  less  than  the 
height.  In  con.structing  the  chart,  the  axes  should  be  drawn  first  and 
the  limit  values  marked  thereon. 

For  a  formula  of  three  variables,  the  axis  of  the  unknown  variable 
is  the  intermediate  axis.  Its  distances  from  the  outer  axes  are  inversely 
proportional  to  the  scale  numbers  of  those  axes ;  for  example,  if  8^  and  S.^ 
are  the  scale  numbers  of  the  outer  axes,  /S.,  =  /Si  -f  /Sfg  is  the  scale  number 
of  the  intermediate  axis.  Then,  if  D  is  the  distance,  in  inches,  between 
the  outer  axes,  the  position  of  the  intermediate  axis  is: 

X  D  inches  from  the  Sj  axis  (4) 

and 

X  D  inches  from  the  8^  axis  (5) 

St 
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For  a  formula  of  more  than  three  variables,  it  is  necessary  first  to 
consider  two  known  variables  and  find  the  position  of  the  first  dummy- 
axis.  Then  this  dummy  axis  is  considered  with  another  of  the  known 
variables,  and  the  position  of  the  second  dummy  axis  is  determined  in 
the  same  manner  as  the  first.  Finally,  from  the  last  dummy  axis  and 
the  last  known  variable,  the  position  of  the  axis  of  the  unknown  variable 
is  found. 

To  find  the  directions  and  positions  of  graduations  on  the  axes,  con- 
sider the  axes  in  successive  sets  of  three.  The  outer  axes  of  a  set  will 
have  known  values,  and  the  intermediate  axis  will  have  the  unknown 
values.  The  corresponding  unknown  and  known  limit  values  should  be 
at  the  same  end  of  the  chart.  The  graduation  for  the  maximum  un- 
known value  at  one  end  of  the  intermediate  axis  should  be  at  the  inter- 
section of  this  axis  with  a  line  joining  the  corresponding  known  limit 
values  on  the  two  outer  axes ;  similarly,  the  graduation  for  the  minimum 
unknown  value  at  the  other  end  of  the  intermediate  axis  should  be  at 
the  intersection  of  this  axis  with  a  line  joining  the  other  two  limit  values 
on  the  outer  axes. 

In  graduating  an  axis,  it  is  well  first  to  check  the  chart  layout  by  see- 
ing if  the  distance  between  the  extreme  graduations  on  the  axis,  meas- 
ured with  the  scale  from  Table  1  corresponding  to  the  scale  number 
for  the  axis,  equals  a  10  multiple  of  the  function  difference  for  the 
axis;  then  lay  off  the  graduations  for  0.1,  1,  10,  etc.,  and,  lastly,  fill 
in  the  intermediate  graduations  desired. 

Example  1 — Construct  a  chart  for  the  formula  I  = , 

12 
which  is  the  formula  for  the  moment  of  inertia  of  a  rectangle  of  breadth 
l  and  depth  d.  In  logarithmic  form,  it  becomes  log  /  =  log  &  +  log  d^ 
—  log  12.  The  functions  of  the  variables  are  logarithmic  functions. 
As  there  are  three  variables,  the  chart  has  three  axes;  the  known  variables 
l  and  d  are  plotted  as  the  outer  axes,  and  the  unknown  variable  /  as  the 
intermediate  axis. 

The  first  step  is  arranging  the  matter  in  tabular  form,  as  shown  in 
'Table  2. 

TABLE  2.     TABULATED  VALUES  FOR  EXAMPLE  1 


a 

1-^ 

'5  ^ 

Actual 
Length 
Inches 

CO 

■4J 

Breadth 

b 

ItolO 

Otol 

1 

10         10 

1 

1 

10 

Depth 

3 

d 

3               3 
1    to  10 

0to3 

3 

31^      10 

3 

1 

10 

Moment 

of 

I 

0.083 

"^921 

4 

2V^      10 

4 

4 

40 

Inertia 

to  833 

to 

2.921 

Machinery 

The  names  of  the  axes  are  Breadth,  Depth,  and  Moment  of  Inertia, 
and  the  symbols  are  h,  d\  and  /.  Maximum  values  of  10  m.  and 
minimum  values  of  1  inch  are  assumed  for  both  breadth  and  depth: 
hence  the  number  limits  will  be  1  to  10  for  breadth  and  1^  to  10^  for 
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depth,  the  corresponding'  logarithmic  limits  will  be  0  to  1  and  0  to  3^ 
and  the  logarithmic  differences  will  be  1  and  3.  An  inspection  of  the 
formula  for  the  example  shows  that  the  minimum  limit  value  of  /,  the 
unknown  variable,  will  be  obtained  from  &  =  1  and  d  =  l,  for  which 
values  7  =  0.083;  similarly,  the  maximum  limit  value_of  I  is  found  to 
be  833.  The  logarithmic  limits  are,  then,  log  0.083  =  2.921  and  log  833 
=  2.921;  hence  the  logarithmic  difference,  which  is  the  numerical  dif- 
ference between  these  quantities,  equals  4. 

For  the  axis  Breadth,  the  logarithmic  difference  of  which  is  1,  ac- 
cording to  Formula  (2)  and  Table  1  when  I  is  5,  10,  or  16  2/3,  the 
length  G  of  the  axis  is  5,  10,  or  16  2/3,  respectively.  Adopting  the 
value  ^^10,  giving  a  length  of  axis  of  10  inches,  the  chart  may  be 
plotted  on  paper  8  1/2  by  11  inches.  For  this  value  of  I,  Table  I  gives 
scale  number  =1  and  Formula  (3)  gives  the  equivalent  scale  number 
=  1,  for  which  Table  1  gives  10  as  the  scale  to  use.  Similarly,  for 
the  axis  Depth,  the  logarithmic  difference  of  which  is  3,  a  value  of 
1=3  1/3  will  be  used  to  give  a  length  of  axis  of  10  in.;  Table  1  gives 
the  scale  number  3  and  Formula  (3)  gives  the  equivalent  scale  number 
1,  for  which  Table  1  gives  10  as  the  scale  to  use.  The  scale  number  for 
the  unknown  variable  I  is  then  the  sum  of  these  scale  numbers,  or 
l-f3  =  4.  Formula  (3)  gives  the  equivalent  scale  number  4,  for 
which  Table  1  gives  as  the  scale  to  use  40. 

The  distance  between  the  outer  axes  of  the  chart  is  made  7.2  in., 
which  is  about  as  great  as  can  be  used  on  a  letter-size  sheet;  hence  the 
position  of  the  intermediate  axis  is,  from  Formulas  (4)  and  (5)  : 
1/4  X  7.2  =  1.8  in.  from  depth  axis,  and  3/4  X  7.2  =  5.4  in.  from  the 
breadth  axis 

The  minimum  limit  value  of  7  is  0.083,  and  tlie  values  of  h  and  d 
corresponding  thereto  are  &  =  1  and  d  =  l.  These  values  of  h,  d  and  7 
must  be,  therefore,  at  the  same  end  of  the  chart,  say  the  lower  end,  and 
a  line  joining  the  value  of  6  =  1  on  one  outer  axis  to  d  =  1  on  the 
other  outer  axis  will  intersect  the  intermediate  axis  at  7  =  0.083.  Laying 
off  on  the  outer  axes  their  length  of  10  in.  determines  the  points  &  =  10 
and  d  =  10,  and  a  line  joining  these  points  intersects  the  intermediate 
axis  at  the  maximum  value  of  7  =  833.  If  the  chart  is  correct  so  far, 
the  distance  between  these  points  for  7  on  the  intermediate  axis,  meas- 
ured with  the  40  scale,  should  equal  a  10  multiple  of  4,  the  logarithmic 
difference  for  the  axis.  These  points  determine  thp_  position  of  the 
graduations  on  the  axis.  The  logarithm  of  0.083  is  2!921,  and  of  833 
is  2.921.  Place  the  40  scale  so  that  9.21  on  the  scale  coincides  with 
0.083  on  the  axis  and  49.21  on  the  scale  coincides  with  833  on  the  axis, 
and  mark  off  the  points  10,  20,  30  and  40  on  the  scale  corresponding^ 
to  values  of  7  of  1,  10,  100  and  1000,  respectively,  on  the  axis.  Inter- 
mediate graduations  may  now  be  marked  off  as  desired.  The  align- 
ment chart  for  Example  1  is  shown  in  Fig.  5. 

Example  2 — Construct  a  ^hart  for  the  fori^^da: 

1 


log  k 
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in  which  P  =  given  sum,  in  dollars; 

p=  amount  of  each  monthly  payment,  in  dollars; 
n==time  to  pay  out,  in  months; 
r  =  yearly  rate  of  interest; 
r 

'k  =  l  -\ ,  constant  for  a  given  rate  of  interest. 

12 
The  interest  rate  will  be  taken  as  7%,  for  which  the 
value  of  k  is  1.005833. 

This  is  the  formula  for  the  time,  in  months,  required  to  pay  a  given 
sum,  with  interest  compounded  monthly,  by  monthly  partial  payments 
made  at  the  beginning  of  each  month  and  at  the  end  of  the  last  month. 
This  formula  is  often  used  in  selling  real  estate  on  the  pay-like-rent 
installment  plan.  This  formula  is  not  in  the  proper  form  for  an  align- 
ment chart,  but  solving  for  P/p  gives : 


whence : 


p       k^(k—l) 


Log  P  —  log  p  =  log 


:n  +  1). 


k-(k-l) 


The  two  known  variables  are  P  and  p  and  their  functions  in  the  formula 
are  logarithmic ;  the  unknown  variable  is  n  and  its  function  is  logarithmic 
and  is  the  quantity  making  the  right-hand  half  of  the  formula.  In 
plotting  the  alignment  chart  for  this  formula,  the  value  of  this  function 
of  ?!<  must  be  calculated  for  all  points  desired  on  the  n  scale  and  used 
for  laying  off  these  points.  Table  3  gives  the  tabulated  figures  for  this 
formula  and  Fig.  6  is  the  alignment  chart. 

TABLE  3.     TABULATED  VALUES  FOR  EXAMPLE  2 


B  2 
^  X 
\^< 
Principal 
sum 

Monthly 
payment 


o 

I 

CO 


11 

$1,000  to 
$10,000 

$10  to 
$50 


be  o 

3  to  4 
Ito 


10 


U   5   fl      o  ^      o^u    '     o  J 

-^K^tq   cclz;   HoQ     oQp 


10 


0.699       10        6.99       1 


10 


10 


Time  to 
pay  out 


^        /  months  \ 
^        \  23.25  to  j 


1.366 

to 
2.154 


0.788 


3.94 


2  20 

Machinery 


The  formula  gives  the  time  in  months,  but  the  chart  is  marked  in 
years.  The  position  of  the  graduations  on  the  intermediate  axis  of  this 
heart  were  determined  by  finding  values  of  P  and  p  corresponding  to 
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Fig.  6 — Chart  for  determining  Time  required  to  pay,  by  .Monthly  Payments,  a 
Given  Sum  with  Interest 

the  value  of  the  function  of  n  fpr  maximum  and  minimum  assumed  values 

P  P 

of  n;  that  is,  when  n  =  24,  —  =  23.25,  and  when  7i  =  300,  —  =  142.57. 

P  P 

As  is  shown  in  the  chart,  it  is  not  necessary  to  graduate  an  axis  full 
lenj^th — only  such  graduations  as  are  desired  need  be  used. 

Example  3 — Con.struct  an  alignment  chart  for  the  formula  for  finding 
the  diameter  of  pipe  for  a  given  flow  of  water,  viz. : 

>  3333F 

in  which  Q  =  gallons  of  water  per  minute ; 

f'ss pressure  lost  by  friction,  pounds  per  square  inch; 
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L  =  length  of  pipe,  in  feet ; 

cZ  =  actual  inside  diameter  of  pipe,  in  inches. 

Arranging  this  into  the  proper  form  for  constructing  an  alignment 
chart  gives : 

Log  d  =  \og  0'/'  — log  i^^/'  +  log  LV5_iog   (3333) V5 

Table  4  gives  the  tabulated  values  for  this  example  and  Fig.  7  the 

chart. 

TABLE  4.     TABULATED  VALUES  FOR  EXAMPLE  3 


^ 

a  ^ 

^       1 

<*-> 

^ 

-=5  2i 

S       p 

o 

u 

!ta 

7  fl 

s-i  'z:      ^Z 

'o 

a>  oQ 

•<-*    m 

•  ph    a; 

I—  ^ 

o     etf          O 

QJ 

^ 

^  ^ 

u  ^ 

b  s^ 

"* 

C^   ,0 

-,  .Q   >,,-'-' 

B  .2 
oj  'x 

11 

la 

H-IP 

Scale 
Num 
Equi 
Scale 
Scale 

Gallons  per 

min- 

</' 

V-                         % 

1  "  to  10,000 

ute     . .  . . 

.... 

0  to  1.6 

1.6 

5 

8 

2     5     50 

% 

%                      1/5 

Friction    .  . 

F 

0.1      to  100 

—  ;f>to% 

0.6 

16% 

10 

0.6     3     30 

Dummy . .  . 

Not   Graduated 

2.6 

Vh 

%               l^ 

Length  of  ] 

pipe. 

L 

1      to  100 

0  to  % 

0.4 

25 

10 

0.4     2     20 

Diameter  of 

pipe 

d 

0.0786  to  31.3 

ii.8954  to 
1.4954 

2.6 

3ii 

8% 

3        3     30 
Machinery 

This   chart   is  handled   in   exactly  the   same   manner  as   the   others. 
From  Formulas  (4)  and  (5)  and  from  the  scale  numbers  of  the  Q,  F 


Fig.  7 — Chart  for  Determining  Flow  of  Water  in  Pipes 
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and  dummy  axes  is  found  the  position  of  the  dummy  axis.  Then 
the  position  of  the  L  axis  is  assumed,  and  from  the  scale  numbers  of 
the  L  axis,  dummy  axis  and  d  axis  the  position  of  the  d  axis  is  found. 
The  d  axis  has  an  additional  set  of  graduations,  showing  standard  iron- 
pipe  sizes.  This  use  of  two  scales  on  an  axis  will  often  be  found  con- 
venient; for  example,  an  axis  for  velocity  may  be  graduated  both  in 
feet  per  second  and  in  miles  per  hour. 

The  lines  drawn  on  the  chart  to  indicate  the  order  in  which  the  axes 
are  used  show  that  Q  and  F  values,  say  10,000  and  1,  are  joined  by  a 
straight  line,  and  from  the  intersection  of  this  line  with  the  dummy  axis 
a  line  is  drawn  to  the  value  of  L,  say  10;  the  intersection  of  the  latter 
line  with  the  d  axis,  which  is  at  12  inches,  gives  the  required  inside 
diameter  of  pipe. 

The  size  and  number  of  graduation  marks  used  on  the  axes  of  a 
chart  depend  considerably  on  the  particular  chart  considered.  In  gen- 
eral, it  will  be  found  desirable  to  have  the  graduations  between  1  and 
10  repeated  between  10  and  100  and  between  100  and  1000,  etc.  The 
longest  graduation  marks  should  be  used  for  the  digit  numbers  1,  2, 
3,  ...  9,  and  their  ten  multiples;  the  marks  for  half  divisions  should 
be  about  two-thirds  as  long,  and  the  marks  for  0.1  or  0.2  divisions 
should  be  about  one-third  as  long. 

Graphic  Method  of  Spacing  and  Valuing  the  Monographic  Scales. 
In  Vol.  LXXVII,  Page  1359,  of  the  Transactions  of  the  American  So- 
ciety of  Civil  Engineers  is  published  a  paper  by  R.  C.  Strachan,  which 
was  presented  to  the  Society  on  Feb.  3,  1915,  entitled  "Nomographic 
Solutions  of  Formulas  of  Various  Types"  and  which  describes  a  graphic 
method  of  spacing  and  valuing  the  scales.     This  follows  in  part : 

A  nomographic  representation,  or,  more  concisely,  a  nomograph  of 
a  formula,  may  be  defined  as  a  plot  or  chart  on  which  appear  scales  for 
the  variables  involved  in  the  formula,  their  relative  magnitudes  and  re- 
lative positions  being  such  that  corresponding  values  of  the  variables , 
are  found  on  a  line  crossinsr  the  scales. 

By  the  expression  ''corresponding  values"  is  meant  a  set  of  values 
which  satisfy  the  equation  represented  by  the  nomograph;  and  the 
cro.ssing  line,  therefore,  is  properly  termed  an  isopleth. 

The  aim  is  to  substitute  the  simplest  possible  mechanical  operation 
for  the  labor  of  solving  the  formula  by  computation ;  and,  with  this  in 
view,  the  nomograph  should  preferably  be  designed  so  that  its  isopleths 
are  rectilinear. 

Take,  as  a  single  illustration,  three  parallel  scales  of  equal  parts, 
starting  from  a  common  base  line,  c  d,  Fig.  8,  and  suppose  the  L  line 
to  be  equidi.stant  from  the  other  two.     Draw  any  straight  line  a  h,  across 

1  1 
the  scales.     Then  f  g  =  f  k  -\-  k  g  =  —  M  -] N. 

2  2 

1 
The  figure  is  a  nomograph  of  the  expression  L  =  —  {M -{- N)   and 

2 
the  line,  a  b,  is  an  isopleth,  its  intersection  showing  by  the  scale  read- 
ings a  set  of  values  which  satisfy  .the.  equation. 
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1  1.2 

If  g  d  =  —  c  d,  f  g  =  —  N  -\ M,  and  the  nomograph  represents 

3  3  3 

N  -{-2M 
L  = ,orSL  =  N  +  2M,oTNz=3L  —  2M, 


If  the  units  on  the  L  scale  are  made  one-half  as  great  as  those  on  the 

2N  +  4:M 

other  scales,  the  nomograph  represents  L  = ,or3L=2iV  +  4M. 

3 
As  another  illustration,  in  Fig.  9,  let  c  d=^d  e,  and  lay  off  the  parallel 

1 
scales  for  P  and  Q  as  shown.     This  is  a  nomograph  of  P  ^  —  Q,  and 

2 
any  straight  line  drawn  from  c  through  the  scales  is  an  isopleth. 


Fig.  9 


Evidently,  changes  in  the  positions  and  magnitudes  of  the  scales  may 
also  be  made  in  this  diagram,  with  corresponding  effects  on  the  expres- 
sion represented. 

If  in  place  of  the  numbers  we  lay  off  their  logarithms,  we  may  read 
products  instead  of  sums;  exponents  may  be  affected  by  changing  the 
distance  between  scales,  and  numerical  coefficients  may  be  introduced 
by  varying  longitudinally  the  position  of  one  or  more  scales. 

A  straight-edge  may  be  used  to  indicate  the  position  of  an  isopleth, 
or,  for  greater  ease  in  reading  the  scales,  a  strip  of  transparent  celluloid 
having  a  line  scratched  on  it,  will  be  found  very  convenient. 

The  mathematical  principles  involved  are  very  simple,  and  their  ap- 
plication is  easy  when  the  right  clue  has  been  discovered.     Many  ex- 
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pressions  which  in  their  usual  forms  appear  to  be  hopeless  can  be 
adapted  to  nomographic  representation  by  a  proper  transformation ;  but 
the  necessary  change  may  not  suggest  itself  until  the  equation  has  been 
studied  somewhat  thoroughly. 

It  will  be  found  that,  as  a  rule,  scales  of  natural  numbers  are  suit- 
able for  formulas  in  which  the  signs  -|-  and  —  appear;  and  logarithmic 
scales  are  adapted  to  those  in  which  quantities  affected  by  exponents 
must  be  multiplied  or  divided.  In  many  cases,  however,  a  formula  in 
which  there  is  an  integral  exponent  may  be  transformed  so  as  to  per- 
mit the  use  of  natural  numbers  for  its  nomographic  scales. 

The  nomograph  is  easily  read  with  precision  on  account  of  having  few 
lines;  it  saves  much  valuable  time,  providing  in  effect  a  perfect  tabula- 
tion of  all  possible  values  within  the  limits  of  the  chart ;  and  it  enables 
one  to  see  instantly  the  effect  of  a  change,  whether  small  or  great,  in 
any  of  the  variables.  Furthermore,  the  solutions  are  equally  simple, 
whichever  quantity  in  the  formula  is  unknown. 
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Fig.    10 

The  following  comparison  will  illustrate  these  points :  In  a  recent  is- 
sue of  a  technical  periodical  a  correspondent  gives  the  diagram.  Fig. 

6 

10,  for  finding  y/  ti  ^l^  in  the  McMath  run-off  formula. 
lie  explains  that,  to  con.struct  this,  it  is  necessary  to  compute  yj  ~X 

and  derive  from  this  V  5  -4*  for  a  number  of  cases  sufficient  to  give  all 
the  points  required  for  plotting  the  curves. 
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The  finished  diagram  contains  four  sets  of  carefully  plotted  lines, 
and  the  intersections  near  the  lower  and  left-hand  edges  are  very  in- 
definite. 

A  nomograph  of  this  radical  consists  of  three  scales,  and  may  be  con- 
structed with  great  ease  and  without  computation,  as  follows : 


Let  N=\/  iS  A\ 

1  4 

Then  log.  N  =  —  log.  S  -\ log.  A. 

5  5 

Lay  off  three  parallel  scales  of  the  logarithms  of  numbers  from  1  to 
the  limit  desired  (Fig.  11),  making  all  three  with  logarithmic  units 
of  the  same  magnitude.  (The  minor  subdivisions  are  omitted  from 
Fig.  11.) 

1 
Place  the  N  scale  at  a  distance  of  —  D  from  the  A  scale  as  shown. 

5 
Then,  for  any  position  of  a  h, 

1  4 

/  g  =  —  k  l-\ m  n. 

5  5 

The  reading  on  the  N  scale,  therefore,  is  the  number  corresponding  to 

1  4 

—  log.  S  -\ log.  A, 

5  5 


Fig.  11 

and  a  &  is  an  isopleth,  giving  three  scale  readings,  S,  A,  and  N,  which 
satisfy  the  equation. 


N=\/  SA\ 

A  Method  of  Dividing  a  Scale  Logarithmically.  The  explanation  be- 
low is  taken  from  an  article  by  G.  G.  Stevenson,  published  in  Machinery, 
June,  1918. 

A  simple  and  easy  way  to  divide  an  alignment  chart  axis  logarith- 
mically where  logarithmic  paper  is  available  is  shown  in  Fig.  12.  The 
logarithmic  paper  is  placed  at  such  an  angle  that  the  two   extreme 
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divisions  desired  just  coincide  with  the  horizontal  extensions  of  the 
ends  of  the  line  to  be  divided ;  then  with  the  T-square  the  points  needed 
are  projected  to  the  line.  If  more  convenient,  a  slide-rule  may  be  used. 
This  is  done  by  multiplying  the  logarithm  of  each  number  to  be  located 
by  the  length  of  the  whole  line.  In  other  words,  the  logarithms  found 
are  for  a  line  one  inch  in  length;  then  the  points  can  be  easily  located 
by  the  use  of  a  decimal  scale. 


Fig.  12 — Method  of  dividing;  a  Line  logarithmically 

Construction  for  Logarithmic  Graduation.  The  following  is  from 
Machinery,  January,  1917. 

The  following  construction  may  be  used  for  dividing  a  line  for 
logarithmic  graduation,  when  the  line  is  of  an  odd  length. 

Draw  a  square  AOXY,  Fig.  13,  on  the  line  AY,  which  it  is  desired 
to  divide  logarithmically,  and  take  on  OA  a  point  a,  such  that  Oa  = 
MoO/i.  On  OA  draw  a  semicircle  and  draw  ah  at  right  angles  to  OA, 
cutting  the  semicircle  at  b;  then  with  0  as  a  center  inscribe  the  arc 
66,.  making  06,  =  06,  and  draw  a  verticle  line  through  h^  (assuming 
that  OA  is  horizontal)  to  meet  in  B  a  horizontal  line  through  62?  which 
is  wich  that  06,  =  '/4oX.  Draw  6,c  vertically  to  meet  the  semicircle  in 
c,  and  in.scribe  arc  ccx  from  0  as  a  center;  bisect  h^X  in  Cg  and  draw 
horizontal  and  vertical  lines  through  Cj  and  c,  to  meet  in  C.  The  point 
D  is  next  found  by  finding  d,  similarly,  and  bisecting  CgX  in  dg  ^^^ 
projecting  horizontal  and  vertical  lines  as  shown.  We  thus  get  points 
BCDE  upon  a  curve;  to  obtain  intermediate  points,  draw  a  semicircle 
on  Oe^,  and  draw  the  arcs  gg^  and  hh^  from  the  center  0.  We  then 
bisect  OCi  in  g^  and  draw  horizontal  and  vertical  lines  through  Qz  and 
g^,  respectively,  to  meet  in  0;  and  repeat  the .  construction  for  H  by 
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bisecting  62^^  ^^  ^2-  The  point  J  is  obtained  by  drawing  a  semicircle 
upon  O&i.  In  this  way  any  desired  number  of  points  may  be  obtained, 
the  resulting  curve  being  a  curve  of  logarithms.  To  save  confusion  with 
the  construction  lines,  this  curve  is  redrawn  in  Fig.  14,  and  the  man- 
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Fig.  13 


Fig.  14 


ner  in  which  it  is  employed  to  divide  AY  into  logarithmic  graduations 
is  shown.  The  base  OA  is  divided  into  ten  equal  parts,  and  the  re- 
sulting points  are  projected  vertically  to  the  curve,  the  points  of  in- 
tersection being  then  transferred  to  the  vertical  line  AY  by  horizontal 
projections  as  shown. 


CHAPTER  IX 
General  Principles  Pertaining  to  the  Use  of  Charts 

The  first  part  of  the  book  has  dealt  with  the  theory  and  construction 
of  the  various  types  of  charts  and  now  it  is  purposed  to  illustrate  many 
of  the  uses  to  which  these  charts  may  be  put.  It  has  not  been  the  in- 
tention to  gather  here  as  complete  a  collection  of  examples  of  the  many 
uses  of  graphic  charts  as  possible,  for,  first,  it  would  be  a  stupendous 
task  and  require  too  huge  a  volume  and,  again,  much  of  the  material 
would  be  very  special  in  nature  and  of  interest  only  to  the  few  to  whom 
it  applied ;  but  rather  it  has  been  the  aim  to  group  under  a  few  general 
heads  typical  illustrations  that  will  be  of  universal  value  and  interest, 
and  instead  of  trying  to  show  the  man  in  every  business  or  profession 
definitely  what  he  .can  do,  to  suggest  to  him  ideas  and  principles  which 
he  can  most  advantageously  adapt  to  his  individual  requirements.  One 
of  the  great  benefits  to  be  derived  from  the  use  of  charts  is  the  develop- 
ment of  analytical  thinking  and  investigation.  Invariably  a  chart 
fairly  bristles  with  interrogations — why  is  this  sudden  decrease?  or 
what  does  that  rapid  increase  portend  at  this  time  ?  etc. — which  in  many 
cases  require  thought,  study  and  careful  research  to  obtain  the  correct 
answer. 

A  few  years  back  it  was  only  the  technical  man  who  was  trained  to 
use  graphic  methods  and  he  not  very  extensively.  Today  engineers  in 
constantly  increasing  numbers  use  this  device  for  computations,  design- 
ing, estimating,  cost  analysis,  etc.,  and,  in  addition,  men  in  nearly  every 
business  and  profession  have  found  uses  for  graphic  presentation.  In- 
dustrial executives  and  managers,  advertising  men  and  salesmen,  manu- 
facturers, bank  officials,  lawyers,  physicians,  farmers,  etc.,  all  have 
learned  that  graphic  methods  are  vastly  superior  to  any  other  for  a 
thorough  analysis  of  certain  records. 

Today  managers  of  all  up-to-date  plants  are  presented  with  daily  re- 
ports for  comparison,  and  while  a  good  manager  may  know  at  a  glance 
whether  the  record  he  receives  this  morning  is  above  or  below  the  aver- 
age and  very  likely  remembers  what  it  was  yesterday  and  possibly  the 
day  before,  the  best  one  alive  cannot  remember  the  figures  for  six 
months  past;  and  it  is  generally  the  results  over  a  period  which  tell 
the  real  story.  Also,  it  is  difficult  for  any  man  to  so  visualize  figures 
over  a  back  period  as  to  know  whether  the  increases  or  decreases  are 
more  pronounced  than  have  been  former  ones,  whether  they  extend  over 
a  longer  time  than  they  should,  etc. 

The  chart  which  is  plotted  daily  presents  as  perfect  a  picture  of  the 
events  of  a  business  as  the  correctness  and  accuracy  of  the  data  from 
which  it  is  made  up  allow.  No  chain  is  stronger  than  its  weakest  link 
and  no  chart  will  give  facts  about  a  business  when  compiled  from  in- 
correct reports.  Provided,  however,  the  material  is  dependable,  the 
chart  presents  a  graphic  picture  of  the  facts  as  readily  analyzed  and 
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capable  of  suggesting  constructive  ideas  as  the  engineer's  or  architect's 
layout  of  a  building,  and  just  as  it  would  be  difficult  to  comprehensively 
suggest  the  necessary  alterations  and  revisions  if  the  engineer  came 
in  and  told  what  he  was  doing,  or  proposed  to  do,  so  it  is  equally  per- 
plexing for  a  manager  to  understandingly  make  the  essential  recom- 
mendations when  he  has  to  deal  with  a  conglomerate  mass  of  heterogen- 
eous data.  Just  as  the  tracing  or  blue-print  collects  into  a  form  that 
is  quickly  and  easily  understood  all  the  facts  concerning  the  building, 
so  does  the  chart  collect  the  facts  concerning  a  business,  and  both  pres- 
sent  a  record  which  may  be  studied  and  analyzed. 

For  the  purposes  of  comparing  and  analyzing  statistics,  records,  etc., 
it  is  not  necessary  that  the  user  of  graphic  charts  be  schooled  in  higher 
mathematics  or  the  manipulation  of  drafting  materials.  He  need  only 
understand  the  method  of  charting  and  be  able  to  handle  a  straight- 
edge and  pencil  or  pen.  The  method  is  simple.  It  is  hoped  that  the 
preliminary  explanation  has  been  sufficiently  clear  to  demonstrate  this 


Fig.  1 


fact,  but  if  there  still  remains  any  doubt  in  the  mind  of  the  reader  it 
is  believed  the  examination  and  study  of  those  following  chapters  which 
are  not  descriptive  of  mathematical  analysis,  will  dispel  it. 

There  are  many  more  complex  uses  for  charts  than  the  comparison 
and  analysis  of  records,  but  most  of  these  require  at  least  an  under- 
standing of  the  principles  of  mathematics  and  many  of  them  a  fairly 
comprehensive  knowledge  of  higher  mathematics. 

The  engineer  uses  charts  for  arithmetical  and  geometrical  computa- 
tions, for  the  graphical  solution  of  design  formulas,  for  the  plotting 
or  mapping  of  surveys,  etc.,  chemists  and  physicists  use  charts  to  show 
the  results  of  their  tests  and  experiments,  and  in  fact,  it  is  safe  to  say 
that  everyone  who  makes  a  study  of  mathematics  recognizes  the  value 
of  graphic  methods. 

For  those  who  are  about  to  undertake  the  use  of  charts  the  one 
thing  to  be  avoided  is  the  selection  of  any  method  which  gives  a  false 
picture  of  the  facts  presented.  There  are, certain  optical  illusions,  due 
to  methods  of  shading  and  cross-hatching  sometimes  used  in  the  above 
mentioned  diagrams.  In  Fig.  1  the  line  a  looks  longer  than  b,  whereas 
they  are  equal.  The  shaded  area  c  appears  to  be  wider  than  d,  and 
they  are  the  same.  The  white  area  e  looks  larger  than  the  black  one 
f,  but  they  are  equal.     Of  the  bars  g,  h,  and  i,  g  and  h  seem  to  be 
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nearest  togrether  at  their  ends;  h  and  i  at  their  middles;  whereas  all 
are  straight  and  parallel. 

Another  type  of  chart  which  it  is  well  to  avoid  is  that  portraying 
relative  quantities  by  pictures,  as,  for  example,  where  the  sizes  of  the 
armies  of  different  nations  are  compared  by  pictures  of  soldiers.  One 
man,  representing  an  army  three  times  the  size  of  another,  is  made  three 
times  as  tall  as  the  man  representing  the  smaller  army.  But  as  the 
man  grows  tall,  he  grows  broad  as  well,  and  the  eye,  in  comparing  one 
with  the  other,  includes  breadth  with  height — in  other  words  area — 
and  the  tall  man  looks  and  is,  considerably  more  than  three  times  the 
size  of  the  other.  There  are  other  similar  fallacies  and  it  is  well  for 
the  person  undertaking  the  use  of  graphic  methods  to  train  himself  at 
the  outset  to  employ  those  charts  which  give  a  correct  analysis  of  the 
facts. 

For  the  beginner  in  the  use  of  graphic  charts  a  few  general  hints  as 
to  arrangement,  taken  from  the  experience  of  the  author,  may  be  help- 
ful. 

It  is  best  to  standardize  as  far  as  possible — size  of  sheet,  lettering, 
titles,  etc.  After  considerable  experimenting  the  author  uses  sheets 
of  standard  letter-head  size,  S}^  x  11  ins.,  or  multiples  thereof,  as  17  x  11 
ins.,  etc.,  which  may  be  folded  to  the  letter-head  size.  The  ruling  on 
the  8%xll  in.  sheets  usually  measures  7^^x10  ins.,  leaving  margins  of 
%  in.  at  the  top  and  left  and  Vi  in.  at  the  bottom  and  right,  which  allows 
a  sufficient  binding  edge  and  room  for  lettering  on  the  scale  figures, 
marginal  notes,  etc.  Sheets  of  these  sizes  may  be  filed  either  with  the 
correspondence  to  which  they  refer,  or  they  may  be  punched  and  filed 
in  a  loose-leaf  book. 

To  obtain  copies  of  a  chart,  blue-printing  is  generally  the  most  sat- 
isfactory and  the  cheapest  means.  Therefore,  the  ruled  sheets  should 
be  translucent.  Onion-skin  paper,  either  glazed  or  unglazed,  may  be 
obtained,  but  the  author  prefers  his  charts  on  a  light-weight,  high-grade 
bond  paper,  as  it  prints  perfectly  and  has  the  advantage  of  standing 
era-sure  better  and  does  not  crack  with  age.  If  the  sheets  are  bound 
in  pad  form  this  adds  to  the  convenience  in  handling  and  keeps  the 
paper  clean  and  fresh. 

Experiment  also  proved  an  olive-green  ruling  the  most  satis- 
factory. It  is  easier  upon  the  eyes,  especially  in  artificial  light,  than 
some  of  the  more  brilliant  yellows,  oranges,  and  reds.  The  latter  will 
make  better  blue-prints  theoretically,  but  the  olive-green  has  proved 
entirely  satisfactory  in  practice. 

At  the  time  a  chart  is  drawn  explanatory  notes  should  be  used  un- 
sparingly and  all  curves  or  diagrams  should  be  so  keyed  or  lettered 
that  there  will  be  no  question  as  to  just  what  each  represents  when  the 
chart  is  referred  to  later.  When  it  is  not  necessary  to  make  blue-prints, 
different  colored  inks  or  water-color  paints  may  be  used  in  a  drawing- 
pen  to  distinguish  one  curve  from  another  and  a  key  showing  what 
each  color  represents  put  on  the  sheet,  as  for  example : 

Gross    earnings:    ('red  line) 

Expenses:  (blue  line) 

Net  revenue :  (green  line) 
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It  is  also  well  to  letter  neatly  on  each  curve  just  what  it  is.  A  chart 
is  for  clearness  and  any  notes  which  tend  to  increase  this  are  to  be 
recommended. 

When  blue  prints  are  made  it  is  not  easy  to  distinguish  colors  and 
it  is  then  better  to  use  black  drawing  ink  and  to  vary  the  lines,  as,  for 
example :  heavy  solid,  light  solid,  heavy  broken,  light  broken,  and  many 
combinations  of  dots  and  dashes,  with  a  key  to  show  what  each  repre- 
sents. 

Each  scale  should  show  what  it  represents — dollars,  days,  years,  etc. 
This  may  usually  best  be  lettered  in  the  margins  directly  alongside  the 
scale  figures.  Each  sheet  should  have  a  title  telling  what  the  chart 
is  and  include  any  reference  numbers,  as  file  number,  job  number,  etc. 

When  points  are  plotted  they  should  be  made  plainly  evident.  One 
method  is  to  inscribe  tiny  circles  about  the  points  with  a  bow-pen. 

Different  scales  may  be  used  on  the  same  chart  for  different  curves, 
or  one  scale  may  be  used  on  one  portion  of  the  diagram  and  different 
ones  on  other  parts.     See  Fig.  13,  Chapt^  XI. 

The  following  is  from  an  excellent  article  by  Stanley  C.  Tarrant, 
published  in  Gas  Age,  January  1,  1917.  While  Mr.  Tarrant's  remarks 
and  illustrations  pertain  specifically  to  gas  company  statistics  they  are 
applicable  to  other  industries  just  as  well  and  the  general  principles 
outlined  and  the  suggestions  contained  in  the  examples  are  well  worth 
a  careful  reading. 

Accurate  comparative  statistics  are  always  of  value  to  those  respon- 
sible for  the  policies  of  a  gas  company,  but  when  it  comes  to  driving 
the  facts  home,  the  manner  in  which  they  are  presented  is  of  as  much 
importance  as  the  facts  themselves — a  proper  presentation  enhances 
their  value. 

Graphic  methods  convey  to  the  mind  a  more  comprehensive  grasp  of 
essential  features  than  do  written  reports,  because  one  can  naturally 
gather  interesting  details  from  a  picture  in  far  less  time  than  from  a 
written  description.  Further  than  this,  the  examination  of  a  picture 
allows  one  to  make  deductions  of  his  own,  while  in  the  case  of  a  written 
description  the  reader  must,  to  a  great  degree,  accept  the  conclusions 
of  the  author. 

Many  people  imagine  that  graphic  charts  cannot  be  understood  ex- 
cept by  expert  mathematicians  who  have  devoted  years  of  study  to  the 
subject.  This  is  a  mistaken  idea,  and  if  instead  of  passing  over  charts 
as  if  they  were  something  beyond  their  comprehension  more  people 
would  make  an  effort  to  read  them,  much  valuable  time  would  be  saved. 
It  is  true  that  some  charts  covering  technical  data  are  difficult  even  for 
an  expert  mathematician  to  understand,  but  this  is  more  often  the  fault 
of  the  person  preparing  the  charts  than  of  the  system. 

When  it  is  more  generally  realized  that  charts  are  not  mathematical 
problems  and  that  data  can  be  presented  in  the  most  concise  manner 
when  they  are  used,  their  use  will  become  more  general,  and  consider- 
able time  which  is  now  lost  in  the  study  of  complicated  figured  reports 
will  be  saved. 

A  study  of  charts  and  chart-making  should  be  made  by  every  gas 
clerk  who  desires  to  be  rated  first  class,  because  the  use  of  charts  is 
being  adopted  more  and  more  every  year  and  the  time  is  not  far  dis- 
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tant  when  a  knowledge  of  graphic  methods  will  be  required  of  clerks 
taking  charge  of  important  comparative  reports.  Charts  are  not  diffi- 
cult to  prepare,  and  a  little  patience  and  practice  will  bring  forth  sur- 
prising results,  not  only  in  neatness  of  drafting,  but  also  in  originality 
of  plan. 

The  different  combinations  of  charts  that  can  be  made  are  almost 
unlimited,  and  every  gas  man,  no  matter  what  his  position  may  be,  will 
be  able  to  find  use  for  them.  If  this  paper  does  no  more  than  start 
the  gas  man  thinking  graphic  methods  its  purpose  will  have  been  served, 
for  the  thought  is  father  to  the  deed,  and  once  adopted  as  a  part  of 
the  record  system  there  is  no  question  that  the  graphic  chart  will  re- 
main and  become  of  more  constant  use,  as  familiarity  with  it  proves 
its  increasing  value. 

Unlike  the  system  of  accounting  used  by  most  gas  companies,  graphic 
methods  of  presenting  data  have  not  been  standardized,  and  if  several 
persons  are  given  the  same  data  to  chart  the  probabilities  are  that  each 
will  go  about  it  in  a  different  manner.  Although  the  same  data  can 
usually  be  charted  correctly  in  several  different  ways,  there  is  only  one 
best  way,  and  before  preparing  charts  the  gas  man  should  carefully 
consider  which  particular  form  of  chart  will  bring  out  the  desired 
points  the  most  graphically. 

In  order  to  illustrate  a  few  of  the  many  different  ways  in  which  the 
same  data  can  be  shown  graphically,  several  different  styles  of  charts 
have  been  applied  to  the  following  simple  report : 

REPORT  OF  CONSUMERS  CONNECTED— 1915-1914 

Month—  1915 

January  38 

P'ebruary  50 

March      45 

April      75 

Mav  99 

Juno  37 

July     .  74 

August  53 

September  75 

Octol>er  55 

November  32 

December  50 

Total      083  636  171  24 

147 

A  horizontal-bar  method  of  charting  is  shown  in  Fig.  2  in  which  the 
scale  for  one  year  runs  in  the  opposite  direction  to  that  for  the  other. 

This  form  of  chart  makes  a  very  spectacular  showing,  but  is  not  the 
best  form  to  use  when  it  is  desired  to  make  a  comparison  of  one  year 
with  the  other.  In  order  to  draw  such  a  comparison  it  is  necessary 
for  the  eye  to  look  to  the  right  and  left  at  the  same  time,  and  such 
comparison  can  only  be  obtained  when  the  chart  is  drawn  to  so  small 
a  scale  that  the  ends  of  the  bars  for  both  years  can  be  seen  when  look- 
ing straight  down  on  the  chart.    When,  however,  each  year  is  studied 


Variation 

1914 

Increase 

Decrease 

18 

20 

43 

7 

52 

7 

80 

. . 

5 

93 

6 

49 

12 

33 

41 

24 

29 

39 

36 

50 
25 

5 

7 

30 

20 
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separately,  a  fairly  clear  picture  of  the  monthly  fluctuations  is  shown 
by  a  chart  of  this  kind. 
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■    Fig.  2 — Horizontal  Bar  Method 

The  best  form  of  horizontal-bar  chart  to  use  when  monthly  com- 
paiisons  are"  sought  is  shown  in  Fig.  3.     On  this  chart  the  bar  for  each 
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Fig.  3 — Paired  Horizontal  Bar^ 

month  of  the  current  year  is  shown  over  the  bar  for  the  same  month 
of  the  previous  year,  thus  rendering  possible  a  very  accurate  and  rapid 
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comparison.  It  will  be  noticed,  however,  that  this  form  of  chart  does 
not  show  as  graphically  as  does  Fig.  2  the  general  trend  of  affairs  for 
each  individual  year.  In  the  illustration  the  bars  for  the  different 
years  have  been  designated  by  varying  the  shading,  but  in  practice  it 
is  better  to  use  different  colored  inks — sa}',  black  for  1915  and  green  for 
1914,  as  by  so  doing  the  bars  for  the  two  years  will  stand  out  in  greater 
contrast  than  in  the  illustration.  The  comparisons  on  a  chart  of  this 
kind  need  not  be  confined  to  two  years,  as  it  is  possible  to  make  com- 
parison of  as  many  years  as  space  and  the  number  of  different  colored 
inks  available  will  allow.  It  must  be  borne  in  mind,  however,  that  with 
every  additional  j-ear  the  chart  becomes  more  complex  and  the  difficulty 
of  studying  the  general  trend  of  affairs  for  any  individual  year  be- 
comes greater. 

A  vertical-bar  chart  is  shown  in  Fig.  4,  and  is  in  some  ways  prefer- 
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Fig.  4 — Vertical  Bars  Arranged  in  Pairs 


able  to  the  horizontal-bar  method.  With  this  form  of  chart  a  better 
idea  of  general  conditions  during  each  year  can  be  obtained,  as  with  a 
vertical  arrangement  of  the  bars  an  up-and-down  effect  is  obtained, 
thus  making  the  monthly  fluctuations  stand  out  plainly.  By  turning 
Fig.  2  sideways,  so  that  the  bars  for  1915  are  in  a  vertical  position,  it 
will  be  seen  that  a  far  better  idea  of  the  general  trend  of  affairs  is  ob- 
tained than  when  the  bars  are  horizontal.  It  will  be  noticed  that  the 
two  bars  for  each  month  in  Fig.  4  are  joined  together,  the  only  ad- 
vantage of  this  arrangement  being  saving  of  space  and  a  little  less  draft- 
inif. 

The  bar  method  of  charting  is  perhaps  the  most  popular  form  of 
graphic  presentation,  and  for  that  reason  most  widely  understood  by 
the  general  public.  Owing  to  this  fact  it  will  be  found  a  very  ex- 
cellent method  for  display  or  advertising  purposes,  but  it  has  little  to 
recommend  it  for  general  application  to  the  records  of  a  gas  company. 
It  requires  more  drafting,  uses  more  space,  and  cannot  be  so  generally 
applied  as  other  forms  of  graphic  charts. 

An  excellent  method  of  charting  the  cumulative  growth  where  it  is 
desired  to  make  a  comparison  between  two  yeats  is  shown  in  Fig.  5. 
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This  chart  shows  very  graphically  that  there  were  not  a  great  many 
more  consumers  added  during  the  first  six  months  of  1915  than  during 
the  same  period  of  1914,  and  that  the  increase  ran  along  steadily  in 
about  the  same  proportion.  From  July  to  the  end  of  the  year  the  1915 
curve  branches  away  from  the  1914  curve,  indicating  that  most  of  the 
comparative  increase  of  consumers  added  during  1915  occurred  in  these 
months.  In  the  illustration  a  dotted  line  has  been  used  to  indicate 
the  curve  representing  the  year  1914,  but  it  is  better  to  use  different 
colored  inks  when  more  than  one  curve  appears  on  the  same  chart.  It 
is  believed  that  there  is  no  possible  combination  of  figures  that  will  con- 
vey as  much  information  to  the  mind  in  a  given  time  as  a  curve  of  this 
kind. 

Although  the  chart  in  Fig.  5  gives  a  very  excellent  comparison  of 
the  cumulative  growth,  it  does  not  show  very  plainly  the  fluctuations 
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Fig.  5 — Cumulative  Growth  Curve 


from  month  to  month.     This  comparison  can  be  better  obtained  from 
a  chart  similar  to  those  shown  in  Figs.  6  and  7. 

The  flat  top  form  of  chart  shown  in  Fig.  6  has  been  much  used  in 
railroad  accounting,  and  although  it  shows  the  fluctuations  in  a  graphic 
manner,  it  iS  fast  falling  into  disuse  owing  to  its  several  objectionable 
features.  In  the  first  place,  it  requires  more  drafting  than  the  chart 
shown  in  Fig.  7-,  there  being  three  lines  to  draw  for  every  point  instead 
of  two.  Another  disadvantage  is  when  two  or  more  curves  intersect  one 
another  on  the  same  sheet,  as  shown  in  Fig.  6.  It  will  be  noticed  that 
the  vertical  lines  must  coincide,  and  it  requires  considerable  care  to 
4raw  one  curve  over  another  so  that  the  vertical  lines  do  not  run  into 
each  other.  The  horizontal  lines  will  cause  a  like  trouble  whenever  it 
happens  that  the  figure  to  be  plotted  for  a  month  of  the  current  year 
is  exactly  the  same  as  that  for  the  same  month  of  the  previous  year. 
Apart  from   disadvantages  in   drafting,  this  form  of  chart  is  not  so 
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convenient  for  comparative  purposes  as  the  peak  top  chart,  as  the  reader 
may  prove  to  his  own  satisfaction  by  making  a  comparison  of  Figs. 
6  and  7. 

The  peak  top  method,  Fig.  7,  is  a  typical  example  of  the  form  of 
chart  which  can  be  the  most  generally  applied  to  the  records  of  a  gas 
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Fig.  6— Stepped  or  Flat  Top  Chart 

company.  Although  the  bar  method  of  charting  has  many  advantages 
for  display  and  advertising  purposes,  the  peak  top  curve  is  far  better 
for  everj'-day  use,  and  should  be  used  in  preference  to  any  other  form 
of  chart  when  practicable.  It  gives  a  more  understandable  picture  of 
conditions  and  also  has  the  advantage  of  simplicit}^  in  drafting. 
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Having  shown  a  few  of  the  many  forms  of  charts  that  can  be  used, 
"we  will  now  turn  onr  attention  to  a  few  practical  applications  to  the 
gas  business. 

Fig.  8  shows  a  method  of  charting  the  gas  made  each  month  for  com- 
parison with  the  previous  year,  the  previous  year's  results  being  shown 
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by  a  dotted  curve  line.     Note  that  actual  figures  for  each  point  on  the 
1916  curve  are  shown  at  the  top  of  the  chart,  thus  combining  the  graphic 
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value  of  the  chart  and  the  accuracy  of  the  manufacturing  record  book. 
Figures  for  the  1915  curve  can  be  shown  in  a  similar  manner  if  so 
desired. 
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Fig.  9  shows  a  chart  covering  the  quantity  of  generator  and  boiler 
'Coal  used  each  day,  per  1,000  cu.  ft.  of  gas  made.     It  is  interesting  to 
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note  how  vividly  a  chart  of  this  kind  shows  unusual  conditions.  It 
wiU  be  seen  that  on  the  1st,  19th  and  20th  of  the  month  the  amount  of 
fuel  used  was  very  much  higher  than  usual.  When  unusual  points  of 
this  kind  occur  on  a  chart,  notes  of  explanation  should  be  written  on 
the  back  of  the  chart,  and  should  be  indexed  on  the  curve  by  means 
of  a  small  number  in  a  circle,  as  shown  in  the  illustration. 

It  will  be  seen  that  the  word  ''pounds"  at  the  top  of  the  scale  column 
has  been  printed  at  an  angle.  This  is  the  best  method  to  use  when  it 
is  desired  to  indicate  that  the  figures  in  the  vertical  scale  column  and 
those  in  the  horizontal  column  at  the  top  of  the  sheet,  as  well,  represent 
pounds. 

Fig.  10  shows  a  graphic  cost  report  covering  two  years  by  months.. 
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The  curves  are  all  plotted  from  the  same  scale  which  can  be  read  in 
1,00()  cu.  ft.  on  the  "gas  made"  curve,  or  in  dollars  on  the  ''cost" 
curve.  A  chart  of  this  kind  gives  a  very  graphic  picture  of  the  gen- 
eral trend  of  affairs,  as  with  the  scale  arrangement  used  the  comparative 
curves  are  shown  in  their  true  proportion. 

A  study  of  the  illustration  will  show  an  unusual  condition.  While 
the  trend  of  the  "ga.s  made"  curve  is  upward,  that  of  the  "cost" 
curve  is  downward.  This  unusual  condition  has  been  purposely  intro- 
duced to  show  how  clearly  it  stands  out  on  a  chart.  It  could  be  caused 
by  a  substantial  reduction  in  the  unit  price  of  an  item  of  manufacturing- 
material  of  which  a  large  quantity  is  used. 

A  graphic  method  of  analyzing  production  costs  month  by  month  is 
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shown  in  Fig.  11.  This  chart  ^hows  very  graphically  the  items  respon- 
sible for  variations  in  total  cost.  The  illustration  is  of  course  very 
much  reduced  in  size,  but  is  sufficiently  clear  to  give  the  idea  of  how 
such  a  chart  can  be  arransred. 
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Fig.  11 — Comparison  of  Cost  Items 

Fig.  12  shows  a  block  method  of  comparing  the  percentage  of  varia- 
tion in  gas  made  and  cost. 

Fig.  13  shows  a  chart  which  can  be  conveniently  used  for  keeping 
track  of  gas  unaccounted  for  month  by  month.  The  dotted  curve  line 
shows  the  results  for  the  previous  year. 

A  method  of  keeping  track  of  growth  in  mains  is  shown  in  Fig.  14. 
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Fig.  12 — The  Increase-Decrease  Chart 


This   chart  shows  the  monthly   fluctuations   and   also   the   cumulative 
•growth. 

An  interesting  chart  showing  the  growth  of  appliances  as  compared 
with  the  growth  of  meters  during  seven  years  is, shown  in  Fig.  15.     Note 
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that  in  1915  there  are  nearly  as  many  appliances  as  meters,  indicating 
a  very  efficient  appliance  department. 

Fig.  16  shows  three  forms  of  growth  charts,  the  block,  step  and  peak 
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Fig.  13 — Comparison  with  Previous  Year 

top  curve.     It  will  be  observed  that  chart  "C"  gives  the  most  graphic- 
results,  and  requires  less  drafting  than  "A"  or  "B". 
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Figs.  14  and  16 — Growth  of  Mains  and  Appliances 


Another  chart  of  interest  to  the  commercial  gas  man  is  shown  in  Fig.. 
17.  It  shows  graphically  the  growth  in  the  use  of  appliances.  The 
heavy  line  shows  the  per  cent  of  the  consumers  using  appliances,  whiles 
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the  dotted  line  shows  the  per  cent  of  population  using  appliances.     This 
chart  was  made  from  the  actual  statistics  of  a  certain  company. 

Fig".  18  shows  a  useful  chart  for  advertising  purposes.     Such  a  chart 
can  be  readily  printed  on  the  back  of  the  monthly  bills,  or  can  be  used 
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Fig.  16 — Forms  of  Growth  Charts 

for  newspaper  advertising.  The  chart  is  very  simple  to  understand, 
and  may  help  to  convince  the  complaining  type  of  consumer  that  he  is 
not  paying  too  much  for  gas. 

Before  closing  this  paper  it  may  be  well  to  call  attention  to  a  few 
simple  rules  that  should  be  observed  when  preparing  charts. 

When  preparing  charts  the  foremost  aim  of  the  designer  should  be 
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toward  uniformity  of  method.  It  is  very  annoying  to  have  to  study  a 
series  of  charts  in  which  uniform  methods  have  not  been  used,  where, 
for  example,  the  vertical  scale  of  one  chart  is  on  the  left,  while  on  a 
second  it  is  on  the  right  hand  side,  or  where  the  horizontal  scale  runs 
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across  the  top  of  the  sheet  on  one  chart,  and  across  the  bottom  on  an- 
other. These  details  are  small  in  themselves,  but  uniformity  in  the 
method  of  preparing  them  adds  greatly  to  the  value  of  the  charts  as 
reference  records,  and  is  very  desirable. 

All  charts  should  be  given  a  comprehensive  title,  that  there  may  be 
no  doubt  as  to  what  data  the  chart  is  intended  to  cover.  This  is  espe- 
cially necessary  in  connection  with  separate  exhibits  used  for  illustrating 
statements  in  special  reports,  as  when  the  charts  are  not  given  distinct 
titles  thej'  are  valueless  as  records  when  detached  from  the  reports. 

The  vertical  scale  on  all  charts  should  be  arranged  on  the  left  hand 
side,  as  the  reader  will  find  this  most  convenient  when   studying  the 
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chart.  In  graduating  this  scale,  considerable  thought  and  care  are  re- 
quired, as  a  badly  arranged  scale  often  means  that  the  resulting  curve 
will  give  a  distorted  picture  of  conditions. 

The  zero  of  the  scale  should  appear  on  every  chart,  and  should  be 
shown  ^Qy  a  heavy  line  carried  across  the  sheet.  \i  this  is  not  done 
the  reader  may  a.ssume  the  bottom  of  the  sheet  to  be  zero  and  so  be  mis- 
led. The  scale  should  be  graduated  from  zero  to  a  Jittle  over  the  max- 
imum figure  to  be  plotted  on  the  charts,  so  that  there  will  be  a  space 
between  the  highest  peak  on  the  curve  and  the  top  of  the  chart. 

When  dealing  with  very  large  quantities  it  is  not  always  practicable 
to  use  a  scale  which  starts  at  zero,  and  is  carried  up  by  even  steps  to  a 
figure  representing  the  highest  peak  on  the  curve.  Such  a  chart  would 
either  be  too  large  for  convenient  handling,  or  else  the  scale  would  have 
to  be  condensed  so  that  only  very  large  fluctuations  would  be  indicated 
on  the  curve.     In. a  case  of  this  kind  the  best  practice  is  to  start  the 
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scale  at  zero,  and  just  above  this  point  draw  a  wavy  line  across  the 
sheet  to  indicate  that  the  scale  is  broken  at  this  point.  This  line  can 
be  very  easily  drawn  with  an  ordinary  serrated  edge  ruler  as  used  by 
many  accountants.  The  scale  starts  again  on  the  upper  side  of  the 
wavy  line  at  a  figure  a  little  lower  than  the  lowest  point  on  the  curve, 
and  is  carried  up  by  even  steps  to  a  figure  a  little  above  the  highest 
point  to  be  shown  on  the  curve. 

On  many  charts  it  is  not  necessary  for  the  curves  to  show  a  fluctua- 
tion of  less  than  5  or  10%,  and  it  is  sometimes  more  preferable  to  make 
smaller  charts  on  which  the  curves  will  only  indicate  fairly  large 
fluctuations,  than  to  make  very  large  charts  on  which  the  curves  can 
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be  read  on  the  scale  within  1%.  This  is  a  matter  which  should  receive 
careful  consideration  before  a  chart  is  drawn,  as  very  large  charts  are 
inconvenient  to  handle  and,  owing  to  this  fact,  are  sometimes  not  given 
the  attention  they  deserve.  On  every  chart  the  numeral  value  of  each 
point  on  the  curve  should  be  shown  at  the  top  of  the  sheet,  as  this  avoids 
the  necessity  of  estimating  from  the  scale  when  numeral  values  are  re- 
quired. In  cases  where  the  numeral  value  cannot  be  shown  conven- 
iently at  the  top  of  the  chart,  a  separate  statement  should  be  made  on 
the  same  sheet,  as  shown  in  Fig.  19.  The  curve  will  show  the  general 
trend  of  affairs,  and  if  the  executive  wants  exact  figures  they  are  avail- 
able on  the  same  sheet,  thus  combining  a  graphic  and  a  written  record. 
The  figures  have  to  be  gathered  for  plotting,  and  it  represents  very 
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little  additional  work  to  write  them  across  the  top  or  to  list  them  by  the 
side  of  the  chart. 

The  practice  of  drawing  several  curves  on  the  same  sheet  is  not  to 
be  commended  except  in  cases  where  the  curves  will  not  intersect.  A 
crowded  chart  on  which  the  curves  frequently  intersect  resembles  a 
Chinese  puzzle  more  than  a  graphic  record,  and  a  report  submitted  in 
figures  is  to  be  preferred  to  a  chart  of  this  kind.  Even  when  the  curves 
do  not  intersect,  they  should  be  made  in  different  colors  in  order  that 
they  may  be  readily  distinguished,  one  from  the  other.  It  should  be 
borne  in  mind  that  charts  are  sometimes  studied  under  artificial  light 
and  for  this  reason  it  is  advisable  to  use  colors  that  will  stand  out  dis- 
tinctly by  virtue  of  contrast.  For  example,  lines  drawn  in  blue  or 
violet  ink  appear,  under  artificial  light,  very  much  the  same  as  lines 
drawn  in  black  ink,  therefore  these  colors  should  never  be  used  on  the 
same  chart.  On  the  other  hand,  a  chart  carrying  black,  red,  green  and 
yellow  curves  can  be  very  easily  read  under  any  form  of  light.  In  cases 
where  it  may  be  necessary  to  draw  more  than  four  curves  on  the  same 
chart,  it  is  better  to  distinguish  the  curves  by  using  lines  of  various 
forms  than  to  use  a  colored  ink  that  will  not  be  a  distinct  contrast 
to  the  other  colors  on  the  chart.  Thus,  with  four  colors  available,  it  is 
possible  to  draw  eight  distinctive  curves  by  making  two  curves  of  the 
same  color,  one  being  shown  by  an  unbroken  line,  the  other  by  a  dotted 
line. 

In  using  different  colored  inks  to  show  different  items,  or  the  same 
item  for  different  years,  it  is  a  good  plan  to  standardize  the  colors  so 
that  the  same  item  or  year  on  all  charts  is  shown  in  the  same  color. 
This  arrangement  will  avoid  much  confusion  when  constant  reference 
has  to  be  made  to  a  large  number  of  different  charts. 

When  designating  on  a  chart  what  items  the  different  colored  curves 
represent,  it  is  not  sufficient  to  make  a  key  showing  that  black  repre- 
sents one  item  and  red  another.  In  all  cases  where  more  than  one  item 
appears  on  the  same  chart,  whether  different  colored  inks  are  used  or 
otherwise,  each  curve  should  have  its  title  plainly  printed  over  it  near 
the  scale  column.  Those  who  have  had  experience  in  reading  charts 
will  know  how  annoying  it  is  to  have  to  consult  a  key  in  order  to  learn 
what  a  certain  curve  is  intended  to  represent. 

Wherever  unusual  peaks  or  valleys  occur  on  a  curve  it  is  a  good  plan 
to  mark  these  points  with  a  small  figure  inside  a  circle.  This  figure 
should  refer  to  a  note  on  the  back  of  the  chart  explaining  the  reason 
for  the  unusual  condition.  It  is  not  always  sufficient  to  show  that  a 
certain  item  is  unusually  high  or  low;  the  executive  will  want  to  know 
why  it  is  that  way.  An  efficient  chart  clerk  will  not  wait  to  be  ques- 
tioned about  unusual  points  on  his  curves,  but  will  endeavor  to  find 
and  note  the  reason  for  them  before  the  chart  is  submitted  to  his  su- 
perior. ' 

When  charts  are  to  be  prepared  for  illustrating  printed  reports,  or 
for  advertising  purposes,  consideration  must  be  given  to  the  fact  that 
although  the  co-ordinate  lines  on  the  original  chart  may  be  blue,  green 
or  red,  they  will  be  black  when  reproduced.  Therefore,  unless  a  very 
heavy  curve  line  is  used,  there  will  be  insufficient  contrast  between  the 
curve  and  the  co-ordinate  lines.     The  best  plan  to  follow  when  prepar- 
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ing  charts  from  which  cuts  are  to  be  made  is  to  make  the  original  on 
co-ordinate  paper  and  from  this  original  make  a  tracing,  showing  only 
those  lines  that  are  absolutely  necessary  as  guides.  The  curve  can  be 
plotted  more  accurately  on  co-ordinate  paper,  but  the  finished  chart 
stands  out  more  clearly  in  print  when  the  cut  is  made  from  a  tracing. 
This  method  has  been  used  in  preparing  all  the  illustrations  accom- 
panying this  paper. 

At  the  invitation  of  the  American  Society  of  M-echanical  Engineers, 
a  number  of  national  associations  have  appointed  representatives  to 
s.erve  on  a  joint  committee  on  "Standards  for  Graphic  Presentation." 
This  committee  is  .making  a  study  of  the  methods  used  for  present- 
ing data  in  graphic  form.  The  value  of  this  work  cannot  be  over- 
estimated, for,  if  simple  and  convenient  standards  are  adopted  and  made 
generally  known,  it  will  result  in  a  more  universal  use  of  graphic 
methods. 

Following  are  the  Applicable  Principles  of  Elementary  Graphic  Pre- 
sentation from  the  Preliminary  Report  of  the  Joint  Committee  on  Stand- 
ards for  Graphic  Presentation,  of  which  Mr.  W.  C.  Brinton  was  Chair- 
man, mentioned  by  Mr.  Tarrant  in  the  last  paragraph. 

1.  The  general  arrangement  of  a  diagram  should  proceed  from  left 
to  right. 

2.  Where  possible  represent  quantities  by  linear  magnitude  as  areas 
or  volumes  are  more  likely  to  be  misinterpreted. 

3.  For  a  curve  the  vertical  scale,  whenever  practicable,  should  be  so 
selected  that  the  zero  line  will  appear  in  the  diagram. 

4.  If  the  zero  line  of  the  vertical  scale  will  not  normally  appear  in 
the  curve  diagram,  the  zero  line  should  be  shown  by  the  use  of  a  hor- 
izontal break  in  the  diagram. 

5.  The  zero  lines  of  the  scales  for  a  curve  should  be  sharply  dis- 
tinguished from  the  other  co-ordinate  lines. 

6.  For  curves  having  a  scale  representing  percentages,  it  is  usually 
desirable  to  emphasize  in  some  distinctive  way  the  100%  line  or  other 
line  used  as  a  basis  of  comparison. 

7.  When  the  scale  of  the  diagram  refers  to  dates,  and  the  period 
represented  is  not  a  complete  unit,  it  is  better  not  to  emphasize  the 
first  and  last  ordinates,  since  such  a  diagram  does  not  represent  the 
begining  and  end  of  time. 

8.  When  curves  are  drawn  on  logarithmic  co-ordinates,  the  limiting 
lines  of  the  diagram  should  each  be  at  some  power  of  10  on  the  loga- 
rithmic scale. 

9.  It  is  advisable  not  to  show  any  more  co-ordinate  lines  than  neces- 
sary to  guide  the  eye  in  reading  the  diagram. 

10.  The  curve  lines  of  a  diagram  should  be  sharply  distinguished 
from  the  ruling. 

11.  In  curves  representing  a  series  of  observations,  it  is  advisable 
whenever  possible,  to  indicate  clearly  on  the  diagram  all  the  points 
representing  the  separate  observations. 

12.  The  horizontal  scale  for  curves  should  usually  read  from  left  to 
right  and  the  vertical  scale  from  bottom  to  top. 

13.  Figures  for  the  scale  of  a  diagram  should  be  placed  at  the  left 
and  at  the  bottom  or  along  the  respective  axes. 
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14.  It  is  often  desirable  to  include  in  the  diagram  the  numerical  data 
or  formulae  represented. 

15.  If  numerical  data  are  not  included  in  the  diagram  it  is  desirable 
to  give  the  data  in  tabular  form  accompanying  the  diagram. 

16.  All  lettering  and  all  figures  in  a  diagram  should  be  placed  so  as 
to  be  easily  read  from  the  base  as  the  bottom,  or  from  th(j  right  hand 
edge  of  the  diagram  as  the  bottom. 

17.  The  title  of  a  diagram  should  be  made  as  clear  and  complete  as- 
possible.  Sub-titles  or  descriptions  should  be  added  if  necessary  to 
insure  clearness. 

To  illustrate  Principles  3  and  4  the  following  abstract  from  an  article 
by  John  Wenzel,  '  *  Graphic  Charts  That  Mislead, ' '  'Scientific  American 
Supplement,  June  16,  1917,  has  been  made. 

During  the  last  few  years  there  has  been  a  marked  tendency  to- 
wards greater  correctness  in  the  form  and  style  of  diagrams  which  have 
appeared  in  books,  magazines  and  papers,  but  many  have  not  conformed 
to  the  accepted  standards  for  the  making  of  graphic  charts,  and  are 
positively  misleading. 

That  the  zero  line  should  be  shown  whenever  possible,  is  a  funda- 
mental rule  that  has  been  laid  down  for  the  making  of  graphic  charts, 
and  yet  this  rule  is  frequently  broken  by  those  who  are  engaged  in  the 
graphic  presentation  of  facts.  Cutting  off  all  the  horizontal  rulings 
below  the  curve  line,  as  is  often  done,  may  save  space,  and  the  cost  of 
the  plate  may  be  reduced  if  the  chart  is  intended  for  publication,  but 
by  taking  away  the  zero  line  the  correct  interpretation  of  the  chart  is 
hindered,  and  impressions  may  be  created  which  are  misleading^  Fail- 
ure to  understand  the  true  significance  of  the  curve  line  is  undoubtedly 
responsible  for  the  frequent  omission  of  the  zero  line.  If  it  is  desired 
to  show  graphically  the  population  of  the  United  States  by  decades 
during  the  last  50  years, 

Year  Population 

1860  31,443,321 

1870  38,558,371 

1880  50,155,783 

1890 62,047,714 

1900  75,994,575 

1910  91,972,266 

one  of  the  simplest  methods  is  to  use  vertical  bars  as  in  Fig.  20,  the 
heights  of  the  respective  columns  representing  the  population  at  dif- 
ferent periods  according  to  the  scale  at  the  left.  As  the  eye  travels 
along  the  tops  of  these  columns,  it  unconsciously  judges  their  relative 
heights  and  constructs  an  imaginary  curve  which  coincides  with  the 
tops  of  the  columns. 

Instead  of  a  heavy  black  column  representing  the  population  of  each 
decade,  a  line  could  be  used,  the  tops  of  these  lines  being  joined  with  a 
curve,  Fig.  21,  which  by  visualizing  the  population  for  each  respective 
decade,  helps  the  mind  to  grasp  at  a  single  glance  the  comparative  in- 
crease of  population. 

The  next  step  in  the  development  of  the  curve  line  is  shown  in  Fig. 
22.  Here  upon  a  field  with  both  vertical  and  horizontal  rulings,  points 
marked  with  an  X,  representing  the  population  of  each  successive  ten- 
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year  period,  are  located  on  the  vertical  rulings  according  to  the  scale 
at  the  left  and  correspond  with  the  heights  of  the  respective  columns 
and  lines  in  Figs.  20  and  21.  By  joining  these  points  the  curve  line 
becomes  the  most  prominent  feature  of  the  diagram. 
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As  the  population  in  1860  was  31,000,000  and  in  1910,  92,000,000  the 
former  was  approximately  one-third  of  the  latter.  Measurement  shows 
the  distance  from  X  to  the  zero  line  in  1860  to  be  very  nearly  one-third 
of  the  distance  from  X  to  the  zero  line  on  the  1910  ruling.     The  ratio 
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expressed  mathematically  is  approximately  31 :  92 :  :  1 :  3.  The  length  of 
the  bars  in  Fig.  20  and  the  vertical  lines  in  Fig.  21  are  relatively  cor- 
rect and  convey  to  the  reader  a  truthful  impression  of  the  number  of 
persons  who  were  living  in  the  United  States  at  the  times  when  the 
census  enumerations  were  made.  Likewise  the  distance  from  the  zero 
line  to  the  respective  X  's  gives  a  correct  presentation  of  the  actual  popu- 
lation, and  thus  shows  the  relative  growth  from  decade  to  decade. 

If  in  Fig.  22  the  three  lowest  horizontal  rulings  were  omitted  and 
the  thirty  million  line  were  used  as  the  base  line  as  is  shown  in  Fig. 
23,  the  curve  would  be  identical  with  that  in  Fig.  22,  but  there  would 
be  no  accurate  means  of  comparing  quickly  the  1860  population  unless 
an  imaginary  zero  line  were  constructed  as  far  below  the  thirty  line 
as  the  thirty  line  is  below  the  sixty  line,  as  in  Fig.  24.  Thirty  millions 
have  been  cut  off  of  each  column  thereby  practically  destroying  the 
measure  for  comparing  accurately  the  population  of  one  decade  with 
that  of  another,  for  few  people  will  take  the  trouble  to  construct  an 
imaginary  zero  line  as  in  Fig.  24. 

Fig.  23  has  been  mutilated  and  distorted  as  much  as  Fig.  20  would 
be,  were  30,000,000  cut  from  the  bottom  of  each  column,  making  Fig.  20 
look  like  Fig.  25.  Returning  to  the  proportion  31 :  92 :  :  1 :  3 ;  if  thirty 
is  subtracted  from  the  first  two  numbers,  the  result  obtained  1 :  62 :  :  1 :  3, 
is  incorrect,  the  last  figure  being  almost  twenty  times  too  small.  These 
figures  emphasize  the  importance  of  the  zero  line  and  give  conclusive 
proof  of  its  necessity  for  the  correct  interpretation  of  a  graphic  chart. 

It  seems  hardly  credible  that  a  financial  house  which  sells  industrial 
securities  should  wilfully  misrepresent  the  sales  of  one  of  the  com- 
panies whose  stock  it  was  trying  to  sell.  Nevertheless,  if  anyone  saw 
the  diagram  shown  in  Fig.  26,  he  would  be  given  an  entirely  erroneous 
impression  of  the  difference  between  sales  for  January,  1913,  as  shown 
in  the  left-hand  column  and  the  sales  of  October,  1916,  as  represented 
by  the  column  on  the  extreme  right. 

Only  after  referring  to  the  scale  at  the  left  will  it  be  seen  that  in- 
stead of  starting  at  zero,  the  scale  begins  at  130  millions  and  ends  with 
240  millions  so  that  the  short  column  at  the  left  which  is  about  one 
one-hundredth  as  long  as  the  column  at  the  extreme  right,  really  stands 
for  131  millions  or  more  than  half  as  much  as  the  column  at  the  right 
which  stands  for  238  millions. 

Although  the  volume  of  sales  for  each  quarter  appears  in  figures  at 
the  top  of  each  column  the  reader  may  get  the  real  facts  only  by  a 
most  c'areful  examination  of  the  scale  and  the  figures  for  each  quarter. 
The  real  function  of  the  graphic  chart  is  to  present  facts  so  that  the 
whole  story  may  be  told  at  a  glance,  and  a  hasty  glance  at  this  diagram 
would  hardly  fail  to  create  a  wrong  impression. 

In  Fig.  27  the  diagram  has  been  redrawn  so  as  to  show  the  correct 
method  of  presenting  the  facts.  In  this  diagram  the  proper  relation- 
ship between  the  sales  of  January,  1913,  and  October,  1916,  is  shown 
and  the  impression  conveyed  is  very  different  from  what  Fig.  26  would 
have  you  believe.  In  Fig.  27  the  scale  has  been  made  about  half  as 
large  so  that  the  two  diagrams  might  be  approximately  the  same  size. 
In  this  the  base  line  begins  at  zero  instead  of  at  130  millions.  The  bar 
representing  the  January,  1913,  sales  is  more  than  half  as  long  as  the  bar 
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representing  the  October,  1916,  sales  which  conforms  with  the  actual 
facts.  At  first  glance  the  growth  as  shown  in  Fig.  27  does  not  appear 
to  be  so  great  as  it  appeared  to  be  in  Fig.  26,  and  yet  both  diagrams 
present  graphically  exactly  the  same  data.  Fig.  26  shows  it  in  a  way 
which,  if  not  intended  to  mislead,  is  likely  to  do  so  unless  examined 
with  great  care.  Instead  of  presenting  the  real  facts  so  they  can  be 
easily  and  instantly  understood,  this  diagram  shows  them  in  a  way 
very  likely  to  be  misinterpreted  and  this  is  far  from  the  proper  function 
of  the  graphic  chart. 

If  it  will  be  borne  in  mind  that  it  is  the  distance  from  the  top  of 
the  bar  or  from  the  curve  to  the  zero  line  that  is  really  significant,  then 
the  zero  line  will  be  considered  as  important  as  the  length  of  the  bar 
or  the  curve  itself,  and  in  drawing  a  diagram  a  scale  will  be  chosen 
that  will  permit  the  whole  field  to  appear  within  the  space  allowed  for 
the  diagram. 

It  will  be  observed  that,  in  a  great  many  of  the  diagrams  which  follow, 
the  lines  are  far  apart.  This  is  usually  so  because  the  diagrams  are 
photographically  reproduced  from  drawings  and  tracings,  and,  were  the 
lines  in  the  original  too  close  together,  the  reproduction,  usually  con- 
siderably reduced  in  size,  would  be  illegible.  Generally  speaking,  when 
making  charts  the  scale  should  not  be  any  finer  than  is  necessary  to 
plot  the  data ;  i.e.  if  it  were  required  to  plot  on  a  sheet  variations  from 
0  to  200  to  the  nearest  5  points,  it  would  not  be  necessary  to  use  a 
paper  20  divisions  per  inch,  but  5  divisions  per  inch  would  be  the  proper 
sheet,  allowing  each  inch  to  represent  25  points;  but  if  it  were  desired 
to  plot  the  same  variation  to  the  nearest  unit  or  less,  20  divisions  per 
inch  paper  would  be  superior. 

Where  the  Sli  x  11  in.  sheets  are  punched  and  filed  in  a  loose-leaf 
book,  if  the  charts  are  in  constant  use  it  is  suggested  that  they  be  rein- 
forced with  small  circular  gummed  cloth  patches.  These  may  be  pasted, 
one  over  each  hole  in  the  paper,  and  will  prevent  it  from  tearing 
indefinitely. 

"When  the  typewriter  is  used  to  put  titles,  tabulations,  etc.,  on  charts 
a  much  clearer  blue-print  may  be  obtained  if  a  piece  of  carbon  paper 
is  placed  with  the  inked  side  next  the  back  of  the  chart  so  that  a  double 
printing  is  obtained. 


CHAPTER  X 
Organization  and  Management 

^lanaorement  engineers  find  that  as  time  goes  on  business  concerns  are 
less  apt  to  wait  until  they  are  in  difficulties  before  calling  for  outside 
assistance.  Not  many  years  ago  it  was  an  unusual  thing  for  the  services 
of  a  management  engineer  to  be  requested  until  financial  losses,  either 
immediate  or  impending,  demanded  some  reactionary  course  on  the  part 
of  the  concern  affected.  Now,  however,  the  more  progressive  business 
and  industrial  people  realize  the  value  of  managerial  economics  and 
spend  large  sums  annually  for  the  maintenance  of  staffs  for  this  very- 
branch. 

The  results  which  these  management  departments  aim  to  achieve  are 
obtainable  only  from  research.  Research  means  records,  and  for  the 
records  to  be  valuable  they  must  be  thoroughly  studied  and  analysed. 
Any  method  which  facilitates  and  simplifies  this  analysis  is  certainly 
well  worth  while.  The  use  of  graphic  charts  is  one  method  which 
accomplishes  this  very  thing  and  hence  its  importance.  Charts  are 
closely  identified  with  the  backbone  of  a  business — the  data  which  enable 
the  manager  to  know — not  to  guess,  or  think,  or  hope — but  to  know 
what  his  business  is  doing  and  to  predict  with  a  very  fair  degree  of 
precision  what  it  is  going  to  do.  The  following,  from  an  editorial  in 
Engineering  and  Contracting,  Jan.  17,  1912,  entitled  ''Systematic  Re- 
search as  a  Principle  of  Managerial  Economics,"  if  read  and  heeded  by 
all  those  who  feel  inclined  to  belittle  the  importance  of  such  things, 
would  prove  well  worth  while. 

Although  it  is  evident  that  the  object  of  all  management  should  be 
to  increase  profits,  both  by  increasing  scales  and  by  reducing  unit  costs, 
it  has  not  been  the  general  practice  to  investigate  existing  methods  and 
machines  systematically  with  a  view  to  reducing  unit  costs.  The  Taylor 
scheme  of  timing  the  elements  of  operation  of  machines  has  merited  all 
the  praise  that  it  has  received.  But  it  seems  not  to  have  been  perceived 
by  many  of  the  exponents  of  ** scientific  management"  that  unit  timing 
of  processes  is  itself  only  one  method  of  conducting  systematic  research 
for  the  purpose  of  devising  more  economic  methods  of  production.  Nor 
has  it  been  generally  recognized  that  unit  cost  keeping — which  is  a 
much  older  device — is  also  but  a  method  of  conducting  a  continuous 
research  whose  ultimate  aim  is  the  reduction  of  unit  costs. 

Like  many  another  principle  whose  merit  is  conceded,  the  principle 
of  systematic  research  does  not  as  yet  receive  a  fraction  of  the  attention 
that  it  deserves.  The  majority  of  business  firms  are  small,  and  the 
manager  of  a  'small  firm  is  apt  to  say :  * '  Systematic  research  is  all 
very  well  for  the  big  business  concern,  but  we,  being  small,  have  neither 
the  money  nor  the  time  to  devote  to  such  things.  It  keeps  us  busy 
enough  doing  what  we  have  to  do  now. ' ' 
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In  this  argument  we  have  one  of  the  main  reasons  why  most  small 
concerns  remain  small.  Unless,  the  manager  of  a  small  business  takes 
the  time  himself  or  assigns  someone  else  to  study  the  problems  of 
economic  production  and  selling,  he  will  always  be  extremely  busy — busy 
trying  to  keep  from  going  to  the  wall  under  the  stress  of  competition. 
Systematic  and  continuous  research  is  the  secret  of  the  rise  of  many  a 
small  firm  into  prominence.  Such  research  usually  begins  with  unit 
cost  keeping  and  a  careful  study  of  the  elements  of  cost  with  a  view 
to  cost  reduction.  Then  it  may  be  followed  by  the  Taylor  method  of 
unit  timing  of  operations.  Then  laboratory  and  field  research  may 
follow,  leading  to  a  number  of  small  improvements,  which,  in  the  aggre- 
gate, however,  add  very  substantially  to  the  economy  effected.  Finally 
some  radical  improvement,  so  radical  as  to  merit  being  called  an  im- 
portant invention,  gives  the  business  a  great  forward  impetus.  The 
invention  need  not  necessarily  consist  in  a  mechanical  combination  or 
in  a  chemical  combination,  for  it  may  be  a  greatly  improved  process  or 
product  that  is  not  even  patentable. 

Failure  to  succeed  greatly  in  management  usually  occurs  not  so 
much  from  lack  of  knowledge  of  the  important  principles  of  the  science 
of  management  as  from  failure  to  apply  them.  ]\Iost  of  the  principles 
of  successful  management  are  old,  and  many  of  them  have  received  suffi- 
cient publicity  to  be  well  known,  but  managers  are  curiously  prone  to 
look  upon  managerial  success  as  a  personal  attribute  that  is  slightly 
dependent  on  principles  or  laws.  In  fact,  however,  managerial  success 
is  but  an  evidence  of  skill  in  applying  the  laws  of  management.  Sys- 
tematic research  involves:  (1)  Unit  cost  keeping  and  cost  analysis;  (2) 
unit  timing  of  operations;  (3)  laboratory  testing  and  experimenting; 
(4)  systematic  investigation  and  experimenting  in  shop  and  field  .under 
working  conditions. 

In  every  one  of  these  four,  the  use  of  charts  greatly  helps  to  make 
the  records  easily  understood,  and  to  reduce  the  time  required  to  analyze 
them. 

The  Essential  Facts  to  Investig'ate.  For  any  manager  to  utilize 
graphic  methods  for  visualizing  the  vital  facts  of  his  business,  in  the 
first  place  it  must  be  impressed  upon  his  consciousness  that  the  method 
will  produce  the  results  for  him  and  then  he  must  know  how  to  get 
up  a  chart  correctly,  and  last,  but  far  from  least,  he  must  know  what 
the  essential  facts  of  his  business  are.  Charts,  in  themselves,  mean 
little  and  like  many  another  force  for  the  accomplishment  of  good,  if 
misdirected,  may  result  unprofitably.  The  author  has  frequently  been 
asked  by  some  proud  originator  to  look  over  a  multitude  of  charts, 
excellent  as  productions  of  a  draftsman's  skill,  but  of  no  real  value, 
in  that  the  data  they  pictured  were  relatively  unimportant.  Dwight 
T.  Farnham,  in  a  series  of  three  articles  published  in  The  Engineering 
Magazine,  August,  September  and  October,  1916,  entitled  ''Visualizing 
the  Essential  Facts  of  a  Business,"  ''Scientific  versus  Intuitive  Admin 
istration,"  and  "How  Graphic  Control  Facilitates  the  Fixing  of  Profits," 
points  out  what  he  considers  to  be  the  facts  which  the  executive  should 
receive  in  simple  and  effective  form.  From  these  the  following  has 
been  quoted : 

An  exact  knowledge  of  conditions,  and  consequent  timely  application 
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of  praise  or  of  constructive  criticism,  is  one  of  the  chief  forces  of  the 
executive  in  securing  satisfactory  results.  Undeserved  criticism  is  unjust 
and  destroys  initiative,  while  unmerited  praise  tends  to  render  the  execu- 
tive ridiculous  in  the  ej^es  of  his  subordinates;  both  are  detrimental  to 
discipline  and  weaken  the  power  of  the  executive. 

Cost  figures  may  have  historical  interest  but  they  are  not  worth  one- 
tenth  the  expense  of  assembling  unless  they  aid  actively  in  the  adminis- 
tration of  the  business.  The  problem  of  the  executive,  then — once  his 
organization  is  perfected — is  to  secure  live  data  covering  the  exact  con- 
ditions of  the  business  at  all  times.  These  data  should  be  arranged  so 
as  to  give  him  all  the  facts,  subordinated  according  to  their  relative 
bearing  upon  net  earnings,  and  do  so  with  the  least  demand  upon  his 
time.  Furthermore,  these  facts  must  be  so  exhibited  that  the  general 
laws  underlying  the  business  may  be  easily  and  accurately  deduced  and 
standards  of  accomplishment  set  which  will  be  a  continual  incentive  to 
greater  accomplishment. 

If  a  picture  can  be  arranged  which  will  give  him  at  a  glance  the 
exact  state  of  his  whole  business,  with  detail  subordinated  in  the  order 
of  its  importance,  so  that  the  large  and  important  things  stand  boldly 
in  the  foreground  where  they  cannot  be  overlooked,  and  the  less  im- 
portant facts,  though  present,  receive  attention  only  when  necessary, 
the  executive  is  in  a  position  to  grasp  and  to  direct  his  whole  business 
with  an  intelligence  and  sureness  of  touch  which  insures  his  stockholders 
getting  the  fullest  return  on  their  investment. 

A  few  years  ago  some  of  our  more  T)rosrressive  corporations  began 
showine  the  fluctuations  of  their  sales  in  different  districts  by  means 
of  graphs.  Later  the  same  method  was  applied  to  costs,  but  it  is  only 
recently  that  anything  like  a  comprehensive  scheme  covering  the  whole 
business  has  been  worked  out  and  put  into  effect.  Within  the  last  two 
years  several  large  corporations  have  gone  a  step  further.  They  have 
not  only  shown  by  means  of  graphs  what  they  had  done  and  were  doing, 
but  also  what  they  proposed  to  do.  And  the  most  remarkable  thing 
about  these  prophecies  by  graphs  is  the  regularity  and  exactness  with 
which  the  ideals  aimed  at  have  been  realized. 

It  is  absolutely  necessary,  first  of  all,  to  analyze  existing  conditions. 
This  is  extremely  difficult  for  the  executive  to  do  with  any  degree  of 
precision  where  the  usual  types  of  balance  sheets  and  cost  records  are 
in  u.se.  When  these  are  placed  on  his  desk  at  the  end  of  the  month, 
he  glances  through  them  cursorily  and  if,  in  the  light  of  what  he  happens 
to  remember  about  past  performances,  the  showing  seems  satisfactory, 
he  drops  the  sheets  and  returns  to  his  routine.  A  sudden  drop  in  profits 
or  a  rise  in  costs  presages  a  call  on  either  the  sales  or  the  manufacturing 
department,  or  both,  for  an  explanation.  Usually  these  departments 
know  what  kind  of  an  answer  will  satisfy  the  ''old  man."  The  ancient 
bogeys  of  competition  or  of  interrupted  production,  are  paraded  forth 
and  the  **old  man"  goes  back  to  his  desk.  This  is  all  that  happens 
unless  a  prolonged  period  of  low  profits  ensues.  In  this  event  the 
directors  come  in  and  hold  a  post  mortem.  After  a  critical  review 
of  the  office  rent,  the  amount  spent  for  postage  and  telegrams  and  the 
salaries  of  the  stenographers  (I  have  seen  board  meetings  over  exactly 
this  sort  of  trash),  a  period  of  retrenchment  is  considered  vital.     The 
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office  force  is  thereupon  cut  down  and  the  department  heads  are  de- 
prived of  their  stenographers.  A  man  here  and  a  man  there,  on  the 
''non-productive"  side  of  the  ledger,  is  dismissed.  When  they  get 
through  they  don't  know  any  more  about  the  real  cause  of  the  falling 
off  in  business  than  they  did  before.  Worst  of  all,  the  retrenchment 
has  applied  the  axe,  perhaps,  to  the  only  part  of  the  organization  which 
could  by  any  chance  tell  them. 

For  such  summary  action,  however,  the  financial  managers  cannot 
be  wholly  censured.  The  statistics  prepared  by  only  too  many  cost- 
keeping  departments  are  misleading  rather  than  enlightening  to  the 
executive,  and  it  may  be  the  less  of  them  the  better.  Masses  of  figures 
come  to  him  each  month  which  cannot  possibly  be  remembered  until 
the  next  month.  As  a  result  conditions  each  time  have  to  be  considered 
largely  by  themselves  or  as  contrasted  with  some  other  single  month. 
The  very  volume  of  the  figures  makes  it  a  physical  impossibility  to 
lay  out  on  a  table  and  to  compare  the  statistics  for  more  than  a  few 
months  at  a  time.  It  is  not  in  this  way  that  the  laws  underlying  fluctua- 
tions in  costs,  in  sales  prices,  or  in  profits  can  be  deduced.  Yet  predic- 
tions as  to  future  conditions  are  an  impossibility  unless  these  laws  are 
known. 

The  present  purpose,  therefore,  is  to  indicate  by  concrete  illustrations 
just  how  the  facts — and  all  the  facts — over  an  extended  period,  may 
be  brought  before  the  executive  at  one  time  in  the  exact  order  of  their 
importance.  The  methods  to  be  described  here  were  first  employed  by  the 
writer  in  executive  work  in  a  large  corporation  and  have  demonstrated 
their  practicability  over  a  number  of  years.  The  same  methods  have 
since  been  adopted  by  several  other  large  and  successful  corporations 
in  various  parts  of  the  country.  For  obvious  reasons  hypothetical  fig- 
ures only  will  be  given  and  the  discussion  of  underlying  tendencies 
will  be  of  a  general  nature. 

Conditions  are,  of  course,  different  in  every  business,  but  the  under- 
lying principles  are  identical  in  all.  Were  this  not  so,  bankers  would 
not  be  able  day  after  day,  by  a  few  well  put  questions,  to  lay  hold, 
as  they  are  accustomed,  of  the  essentials  of  countless  business  ventures. 

Under  the  following  heads  the  facts  which  an  executive  should  have 
before  him  at  all  times  in  order  to  administer  the  business  efficiently 
are  given  in  skeleton  form  in  the  order  of  their  greatest  importance. 

I — Dividends — It  goes  without  saying  that  dividends — large,  regular 
and  frequent — are  the  raison  d'etre  for  the  existence  of  any  business, 
since  it  was  the  hope  of  an  adequate  return  upon  their  money  which 
induced  the  stockholders  in  the  first  place  to  invest.  Dividends  are  di- 
rectly dependent  upon  earnings,  so  that  the  first  leaf  in  the  "Bible" 
of  the  executive  should  show  graphically  the  fluctuations  in  earnings 
over  the  period  of  the  concern's  existence. 

II— Profits — Since  profits  consist  in  the  difference  between  the  sell- 
ing price  and  cost  price,  the  second  section  should  show  by  means  of 
curves  the  average  monthly  selling  price  per  unit  of  the  major  products 
as  compared  with  their  total  cost  sold.  The  space  between  these  two 
curves  at  all  times  represents  the  profit.  Low  profits  may  be  due  to 
a  low  selling  price  or  to  a  high  manufacturing  cost,  By  watching  the 
fluctuations  in  the  two  curves  the  executive  at  once  can  determine  which 
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of  the  two  halves  of  his  organization  needs  his  attention  and  assistance, 
and  he  can  throw  his  strength  to  the  weakest  point. 

Ill — Sales — Graphs  showing  the  total  quantity  of  sales,  the  distribu- 
tion of  quantities  by  districts  and  subdistricts,  show  the  executive  and 
the  sales  manager  just  how  well  each  portion  of  their  organization  is 
doing  as  compared  with  past  performances  and  just  which  portions  of 
the  territory  need  attention.  The  prices  obtained  in  each  section  of 
the  country  are  averaged  each  month  and  the  data  so  presented  that 
everj'  effort  may  be  intelligently  and  consistently  made  to  hold  prices 
to  a  maximum.  In  a  similar  manner  sales  expense  is  kepi  track  of — 
subdivided  as  common  sense  suggests. 

In  concerns  which  have  applied  the  principles  of  scientific  manage- 
ment to  their  sales  department — rewarding  their  salesmen  and  sales- 
managers' exactlj^  in  proportion  to  what  they  accomplish,  quantity  sold, 
price  obtained,  and  expense  saved — the  "efficiency,"  or  percentage  of 
attainment  of  the  standard  set  on  these  points  in  each  territory  is  platted 
so  that  the  executive  may  see  at  a  glance  just  what  is  being  accom- 
plished in  each  territory  in  proportion  to  what  careful  analysis  of 
local  conditions  in  each  district  has  determined  should  be  accomplished. 
This  standardization  simplifies  the  work  of  the  executive  considerably, 
since  the  same  results  obtained  from  the  application  of  scientific  man- 
agement to  the  factory — such  as  the  increase  in  the  employees'  interest 
in  their  work,  the  introduction  of  team  play,  etc.,  etc.,  renders  less  active 
supervision  upon  the  part  of  the  chief  executive  necessary,  and  the 
percentage  system  of  recording  results  boils  down  all  results  to  a  com- 
mon denominator  so  that  much  less  of  his  time  is  required  to  grasp  the 
exact  state  of  affairs. 

IV — Manufacturing  Costs — Should  on  examination  the  sales  graphs 
show  that  low  profits  during  a  given  period  were  in  no  way  attributable 
to  avoidable  faults  in  the  sales  department,  the  executive  would  natu- 
rally next  turn  his  attention  to  the  manufacturing  department.  It  is 
not  our  purpose  to  indicate  in  detail  how  a  complete  cost  system  may 
be  reproduced  graphically.  These,  however,  are  the  principal  questions 
which  the  executive  probably  would  be  prompted  to  ask:  (a)  Was  the 
total  cost  of  manufacture  high  or  low  as  compared  with  past  costs? 
(b)  As  compared  with  the  standard  costs?  (c)  Was  the  output  unusually 
high  or  unusually  low?  (d)  For  how  much  of  the  variation  in  costs  was 
the  output  responsible?  (e)  Was  a  period  of  low  output  followed  by 
merely  a  rise  in  the  indirect  labor,  supervision,  rent,  general  expense 
and  various  other  sorts  of  overhead  or  did  it  extend  to  the  direct  labor, 
showing,  that  men  were  kept  on  unnecessarily  in  slack  times  by  foremen 
**ju8t  to  be  a  good  follow"?  The  answer  would  at  once  determine  the 
executives*  course  of  action,  (f)  Was  the  variation  in  cost  due  to  labor 
or  material? 

With  such  questions  as  these  answered — in  fact  with  the  answers  so 
arranged  in  advance  that  they  strike  the  executive  forcibly,  unavoidably, 
relentlessly,  and  regularly  every  month — the  necessary  action  is  taken 
or  the  executive  cannot  avoid  the  admission,  even  to  himself,  that  he 
is  incompetent. 

V — Material  Costs — An  increase  in  the  cost  of  raw  material  often 
takes  the  rise  in  costs  outside  the  executive's  control.     At  the  same  time 
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he  should  know  exactly  to  what  extent  this  rise  affects  his  cost  of  pro- 
duction. Such  knowledge  either  drives  him  to  raise  the  selling  price — 
and  for  a  legitimate  reason — or  to  attack  with  renewed  vigor  some 
department  which  seems  capable  of  reducing  its  operating  costs  suffi- 
ciently to  offset  the  increased  material  costs.  In  other  words  he  is 
driven  to  make  an  extraordinary  effort  to  meet  the  changed  condition  by 
a  knowledge  of  its  exact  seriousness  and  his  stockholders  can  rest  as- 
sured that  everything  possible  has  been  done  to  safeguard  their  interests. 

VI — Elimination  of  Waste— Eyqvj  business  has  its  own  particular  sort 
of  rat  holes,  through  which  its  profits  are  carried  piecemeal,  and  in 
quantities  hardly  noticeable  at  the  time,  but  which  aggregate  thousands 
every  year.  The  best  way  to  plug  these  sources  of  loss  is  by  accumu- 
lating data  in  regard  to  them  and  then  keeping  this  data  prominently 
before  the  executive.  Possibly  a  graph  showing  the  total  rejections  by 
customers  is  required ;  or  a  graph  showing  the  number  of  pieces  spoiled 
in  each  department.  Knowledge  of  this  sort  ends  very  shortly  in  a 
raid  upon  a  particular  department  and  a  general  reorganization  along 
more  efficient  lines.  The  result  is  a  sharp  drop  in  the  rejection  curve. 
Sometimes  it  is  the  production  of  seconds  which  needs  watching,  or 
perhaps  the  scrap  produced,  shown  by  departments.  Frequently  a  curve 
showing  the  number  and  causes  of  shutdowns  leads  immediately  to  ac- 
tion which  saves  the  company  thousands  of  dollars.  The  mere  reduc- 
tion of  such  matters  to  figures  is  invariably  beneficial.  Couple  such 
tabulation  with  an  effective  graphical  presentation  and  the  executive 
cannot  fail  to  note  the  consequences  of  the  losses  in  dollars  and  cents. 
It  is  his  fault,  then,  if  he  fails  to  act  at  once  and  strike  straight  at 
the  root  of  the  trouble. 

VII — Inventories — Very  often,  too,  the  accumulation  of  manufactured 
stock  becomes  a  serious  menace  to  a  business.  The  executive  may  know 
in  a  general  way  that  a  large  quantity  of  a  certain  variety  of  product 
is  on  hand;  he  may  know  furthermore  approximately  what  the  total 
investment  in  finished  stock  aggregates.  The  important  matter,  how- 
ever, may  be  the  size  of  the  stock  of  each  variety  as  compared  with 
the  stock  at  the  same  season  previous  years,  or  at  a  period  when  market 
conditions  or  manufacturing  conditions  were  similar.  Certain  grades 
of  product  have  a  way  of  accumulating  in  many  plants,  especially  where 
the  market  demand  is  not  as  great  as  the  production  of  these  grades. 
With  the  facts  all  before  him  the  executive  is  in  a  position  to  dispose 
— by  bargain  sale  or  special  attention — of  all  grades  to  good  advantage 
as  they  are  manufactured;  while  if  the  facts  do  not  come  to  his  atten- 
tion until  the  accumulation  of  stock  is  large,  a  forced  sale  at  a  sacrifice 
may  be  the  only  remedy. 

VIII — Lahor  Turnover — This  is  another  matter  which  few  executives 
watch  closely.  The  figures  are  sometimes  available  in  the  office  of  the 
employment  department  or  can  be  assembled  from  the  records  of  the 
timekeeper.  In  most  cases,  however,  executives  do  not  know  how  many 
men  they  are  hiring  annually  to  maintain  their  force.  When  this  in- 
sidious source  of  loss  is  called  to  their  attention  they  will  usually  admit 
that  it  costs  them  $50  to  $125  to  break  in  a  new  man.  Especially  will 
they  make  this  admission  if  they  can  be  induced  to  recall  a  few  of  the 
mistakes  costly  to  their  employers  which  were  made  when  they  were 
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serving  their  own  apprenticeships.  The  figures  are  usually  appalling 
when  first  compiled.  It  is  not  at  all  unusual  for  a  business  to  have  a 
labor  turnover  of  from  100%  to  600% !  A  concern  employing  a  thou- 
sand men,  whose  normal  turnover  should  not  exceed  50%,  has  one  of 
250%.  Assuming  that  it  costs  them  fifty  dollars  to  break  in  each  new 
man — and  fifty  dollars  is  low  if  you  consider  the  spoiled  material,  and 
the  time  of  foremen  and  fellow  employees  taken  up  in  teaching  a  new 
hand  the  ropes — the  annual  loss  amounts  to  $100,000! 

An  examination  of  the  labor  turnover  often  brings  unexpected  ineffi- 
ciencies to  light.  One  concern  which  the  writer  investigated  had  a  turn- 
over of  over  six  hundred  per  cent — about  four  hundred  per  cent  above 
normal,  considering  the  conditions  in  the  local  labor  market.  It  was  thus 
losing  about  fifty  thousand  dollars  a  year  unnecessarily.  The  searching 
investigation  which  followed  disclosed  the  fact  that  a  superintendent 
was  receiving  a  rake-off  from  an  enterprising  employment  agency  for 
every  man  he  hired !  The  sudden  and  enforced  ^xit  of  the  superintend- 
ent resulted  in  the  turnover  percentage  dropping  to  normal.  Thou- 
sands of  dollars  are  being  saved  every  year  in  consequence.  A  graph 
which  keeps  the  labor  turnover  before  the  executive  makes  such  oc- 
currences as  this  impossible. 

IX — Safety  First — The  ''safety-first"  movement  has  ceased  to  be  a 
humanitarian  fad  and  is  now  generally  recognized  as  fully  justified  for 
sound  business  reasons.  The  cost  of  damage  suits,  hospital  bills  and 
pensions  to  say  nothing  of  the  cost  of  ''finding  a  place'  for  disabled 
employees  during  convalescence,  breaking  in  a  new  employee  on  short 
notice,  having  the  crew  disorganized  by  the  absence  of  an  employee  for 
a  day  or  two  and  the  general  fall  in  morale  in  a  factory  where  accidents 
are  frequent,  is  sufficient  to  make  the  reduction  of  accidents  a  matter 
of  considerable  importance  to  the  executive.  Tabulations  showing  the 
causes  of  all  accidents  each  month  and  a  graph  to  keep  the  state  of 
affairs  before  the  executive  continually  just  as  inevitably  leads  to  the 
elimination  of  the  causes  of  accidents  as  the  elimination  of  the  accidents' 
leads  to  increased  earnings  in  the  business. 

X — Daily  Curves — Finally,  every  business  has  certain  vital  operations 
— it  may  be  the  pounds  of  coke  required  to  produce  a  ton  of  steel  or  the 
specific  gravity  of  a  chemical — upon  which  depends  to  a  large  extent  the 
success  of  the  business.  Graphs  which  keep  such  quantities  or  such 
percentages  daily  before  the  executive  bring  his  attention  and  assist- 
ance at  once  in  case  of  need.  The  correction  is  immediate  and  the 
saving  thereby  effected  may  be  far-reaching. 

The  pages  immediately  following,  illustrated  by  Fig.  1,  showing  the 
first  series  of  typical  graphs,  describe  the  method  of  placing  a  hypo- 
thetical business  before  the  executive  in  sufficient  detail  to  enable  an 
intelligent  cost  accountant  to  proceed  with  the  work,  once  the  executive 
has  decided  upon  the  points  of  his  particular  business  which  it  is 
important  for  him  to  know.  The  second  series  of  curves,  Figs.  2,  3, 
and  4,  show  the  method  of  setting  graphic  standards  in  the  same  detail. 

Fig.  1  shows  the  *' total  net  profit"  accruing  from  the  business  each 
month,  in  compari.son  with  the  standard  of  10%  set  as  a  proper  return 
upon  the  investment.  The  average  for  the  year  is  also  shown  in  com- 
parison with  the  average  net  profit  for  the  year  previous.     The  lower 
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broken  line  represents  the  danger  point — ^below  which  the  net  profit 
curve  should  not  fall  if  adequate  return  is  to  be  earned. 

The  sources  of  the  net  profit  are  shown  by  the  three  central  curves 
marked  Works  No.  1,  Works  No.  2,  and  Works  No.  3.  These  represent 
the  three  factories  of  the  company  whose  earnings  are  given  in  terms 
of  gross  profits.  From  the  aggregate  of  these  is  subtracted  each  month 
the  amounts  represented  by  the  lowest  curve,  marked  ''Deductions," 
which  includes  interest,  discount,  commissions,  and  any  other  amounts 
not  easily  pro-rated  to  the  proper  factory,  leaving  as  a  balance  the 
amounts  shown  in  the  ' '  total  net  profit ' '  curve. 
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Fig.  1 — Profits  and  Deductions  ,oop 
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The  executive,  in  making  use  of  this  graph,  as  it  is  filled  in  monthly 
during  the  year,  would  have  the  variations  in  the  net  profit  forcibly 
and  unavoidably  brought  to  his  attention,  in  such  a  way  that  investiga- 
tion and  the  consequent  maximum  improvement  under  the  circumstances 
would  inevitably  ensue.  If  the  net  profit  curve  dropped  suddenly,  as  in 
August,  it  is  simply  necessary  to  follow  the  August  line  down  to  note 
that  the  profits  from  Works  No.  3  were  normal,  being  well  above  the 
1914  average;  that  profits  from  Works  No.  1  were  also  normal;  but 
that  there  was  a  sharp  falling  off  in  the  profits  at  Works  No.  2.  He 
need  not,  therefore,-  concern  himself  for  the  present  with  conditions 
anywhere  except  at  Works  No.  2. 

Similarly,  since  all  abnormal  conditions  must  be  carefully  analyzed 
in  order  to  avoid  in  future  those  that  are  unfavorable  and  to  make 
permanent  those  that  are  favorable,  the  rise  in  the  net  profit  curve  in 
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June,  when  investigated,  would  show  that  Works  No.  2  was  the  prin- 
cipal source  of  the  additional  profit,  conditions  at  Works  No.  1  being 
normal  and  at  Works  No.  3  only  slightly  above  normal.  The  executive 
may,  therefore,  conclude  that  there  is  greater  need  for  careful  analysis 
of  operating  conditions  at  Works  No.  2  than  at  the  others. 

Since  the  great  rise  in  net  profits  for  June  and  fall  in  August  were  at 
Works  No.  2,  their  causes  must  be  obtained  by  turning  to  Fig.  2  in 
the  second  series. 

The  graph  therein  shown  keeps  the  executive  informed  at  all  times 
just  how  closely  the  profits  at  this  particular  factory  approximate  the 
standard  earning  previously  set — in  this  case  10%  on  the  investment — 
and  warns  him  at  once  in  case  the  earnings  fall  below  the  5%  danger 
line.  This  is  merely  a  refinement  of  the  graph  shown  for  Works  No.  2 
in  Fig.  1,  and  is  valuable  principally  because  it  shows  more  exactly  just 
how  serious  the  variation  from  the  normal  is,  what  its  effect  will  be  on 
the  year's  earnings,  and  emphasizes  the  urgency  for  attention. 

It  will  be  noted  that  the  June  profit  reached  $60,000,  more  than  twice 
the  $28,000  required  to  earn  the  10% ;  while  in  August  this  factory 
made  a  return  of  only  $8,000 — $5,000  l3elow  the  5%  danger  line. 

The  causes  for  these  fluctuations  must  be  sought  on  the  next  graph  of 
the  series.  Fig.  3. 

There  the  upper  pair  of  curves  show  the  '^ selling  price"  by  months 
as  compared  with  the  ''total  manufacturinj?  cost"  at  Works  No.  2. 

The  lower  curves  show  the  output  of  the  factory  by  months  in  tons  as 
compared  with  tons  sold.  In  each  case  the  final  monthly  average  for 
the  year  is  shown  at  the  right,  and  the  monthly  average  for  the  year 
previous  is  shown  at  the  left. 

The  profit  earned  at  any  factory  is,  of  course,  the  difference  between 
the  prices  received  for  each  unit  when  it  is  sold  and  the  cost  to  manu- 
facture this  unit,  multiplied  by  the  total  number  of  units  made,  or  the 
factory  output.  The  gap,  then,  between  the  ''selling  price"  and  "  manu- 
facturing cost"  curves,  multiplied  by  the  number  of  units  shown  any 
month,  gives  the  "factory  profit"  for  that  month. 

It  should  be  noted  that  there  are  of  course,  certain  adjustments  which 
must  be. made  to  suit  each  business,  since  very  few  concerns  would  sell 
during  the  month  all  goods  made  that  month,  while  still  fewer  concerns 
would  have  no  goods  in  process  of  manufacture  at  the  end  of  each  month. 
We  are  assuming,  however,  that  such  would  be  the  case  in  this  instance 
in  order  to  avoid  a  long  digression  on  methods  of  inventorying. 

Carrying  the  analysis  of  the  abnormal  profits  in  June  and  in  August 
to  this  graph,  the  executive  is  at  oace  able  to  determine  whether  the 
variation  is  due  to  market  conditions  or  to  manufacturing  conditions,  and 
is  thus  enabled  to  throw  his  support  to  the  sales  department  or  to  the 
factory. 

The  "selling  price'  curve  in  June  reaches  the  high  point  for  the  year, 
$80,  although  only  two  dollars  above  the  average  for  the  previous  year. 
This  showing  is  favorable,  although  not  sufficiently  removed  from  the 
normal  to  demand  immediate  attention.  The  "manufacturing  cost" 
curve  shows  a  decided  drop  below  any  point  reached  so  far  during  the 
year,  1915,  and  twelve  dollars  below  the  1914  average.  Evidently  the 
increased  profit  is  due  to  manufacturing  conditions  which  must  be  in- 
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vestigated  in  order  that  the  gain  may  be  made  permanent  if  possible. 

Analyzing  August  conditions  in  a  similar  manner,  it  is  found  that  the 
cause  for  the  profit  falling  $19,000  below  the  standard  set  is  due  about 
equally  to  the  drop  in  the  selling  price  and  to  the  rise  in  manufacturing 
costs.  The  first  suggests  to  the  executive  an  investigation  of  selling  con- 
ditions, and  the  sales  manager  may  be  asked  to  report  fully  on  the 
reasons  for  the  fall  in  prices.  The  second  causes  the  executive  to  turn 
to  the  next  graph,  Fig.  4,  which  deals  with  operating  costs  at  the 
factory.  (Note:  The  ''sales"  curve  in  Fig.  3  is  shown  to  indicate  how 
sales  keep  up  with  production.  Sales-analysis  graphs  are  described  else- 
where.) 

Fig.  4  comprises  three  sets  of  curves :  the  curve  at  the  top  shows  the 
monthly  ''output"  of  the  factory  in  tons;  the  two  curves  in  the  center 
show  the  "direct  labor  cost"  per  ton  and  the  "indirect  labor  cost"  per 
ton;  while  the  curve  at  the  bottom  shows  the  "material  cost"  per  ton. 
Monthly  averages  for  the  year  and  for  the  previous  year  are  shown  at 
the  right  and  left  respectively. 

On  this  sheet  we  are  getting  down  to  fundamentals,  and  by  careful 
analysis  of  the  conditions  and  their  effects  the  executive  may  deduce 
the  general  laws  underlying  his  own  particular  business. 

For  instance,  take  the  low  manufacturing  cost  in  June  shown  on  the 
previous  chart.  The  output  is  500  tons,  or  20%  above  the  average.  We. 
would  naturally  expect  this  to  cause  a  drop  in  the  indirect  cost  per  ton,, 
since  the  fixed  charges  would  remain  nearly  constant  while  the  divisor 
(the  output)  increased.  We  find  this  to  be  the  case  on  reference  to  the 
dotted  curve  which  shows  a  reduction  of  $2.20  per  ton,  33%  below  the 
average  indirect  cost  per  ton  for  the  previous  year. 

It  is  to  be  noted  also  that  other  factors  in  the  cost  reduction  were  a 
drop  of  about  $0.70  in  the  direct  labor  and  of  $9  in  the  material  cost. 
This  latter  cost,  quite  likely,  is  beyond  the  control  of  the  executive,  but 
it  must  be  shown  in  order  that  he  may  not  congratulate  himself  on  a 
low  cost  when  the  saving  is  not  the  fault  of  his  organization  but  of 
market  conditions.  Otherwise  he  might  naturally  neglect  certain  de- 
partments in  which  the  cost  of  production  is  rising  and  which  conse- 
quently need  attention.  In  other  words,  such  matters  as  are  the  busi- 
ness of  the  executive  must  be  put  squarely  up  to  him  in  such  a  way 
that  he  cannot  overlook  or  neglect  them. 

Having  reached  the  conclusion,  then,  that  the  causes  of  the  June  cost 
reduction  under  his  control  are  due  to  indirect  and  direct  labor,  the 
executive  investigates,  first,  the  methods  of  maintaining  a  large  output. 
This  eventually  leads  him  into  the  sales  department  and  to  an  investiga- 
tion of  market  conditions.  Incidentally,  graphs  would  be  consulted  to 
show  the  increase  or  decrease  in  such  items  as  general  expense,  sales  ex- 
pense, etc.,  in  order  that  the  assurance  may  be  gained  that  there  is  nO' 
waste,  or  that  some  extraordinary  economy  may  not  be  overlooked  and 
the  chance  lost  to  make  it  permanent. 

The  drop  in  direct  labor  in  June  leads  to  a  perusal  of  the  graphs  cov- 
ering the  various  departments  and  the  cost  of  each  operation  therein. 
If  direct  labor  costs  are  low  or  high  there  is  a  reason  for  it,  and  the 
executive  must  not  stop  until  he  has  made  the  gain  permanent  or  cor- 
rected the  fault  responsible  for  the  rise  in  cost. 
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We  have  not  attempted  to  carry  our  illustrations  into  further  sub- 
divisions because  w^  should  very  shortly  emerge  from  the  field  of  prin- 
ciples into  the  discussion  of  a  particular  business,  which  is  not  our 
purpose  at  this  time.  We  believe  enough  has  been  said,  however,  to 
illustrate  the  method — more  would  be  merely  a  refinement. 

But  to  illustrate  the  analysis  of  a  month  in  which  costs  are  high,  we 
will  take  the  month  of  August,  when  the  costs  were  some  seven  dollars 
higher  than  in  June.  What  strikes  us  first  is,  of  course,  the  jump  of 
about  five  dollars  in  indirect  labor  cost.  This  we  may  lay  to  the  de- 
crease of  a  thousand  tons  in  the  output— caused,  let  us  assume,  by  a 
fire  in  one  of  the  larger  departments.  Direct  labor  costs  rose  also. 
The  reason  for  this  may  be  determined  by  reference  to  the  department 
graphs.  The  executive  might  find  that  the  rise  in  cost  was  due  to  the 
disorganization  incidental  to,  and  following,  the  fire;  or  that  labor  due 
to  repairing  and  cleaning  up  was  charged  against  operation  instead  of 
to  extraordinary  expense  as  it  should  have  been.  Such  matters  must  be 
investigated  and  from  the  conclusions  drawn  exact  methods  evolved  for 
future  guidance.  The  economy  is  effected  through  the  knowledge  of  ex- 
actly what  the  disaster  cost  in  operating  costs,  in  loss  of  output,  and  so  in 
profits.  Complete  analysis  in  this  case  would  lead  the  executive,  when 
he  discovered  that  his  loss  of  output  had  cost  him  $52,000  profit  to  steps 
of  the  most  strenuous  nature.  (Compare  June  and  August,  Fig.  2, 
after  noting  that  material  costs  were  nearly  constant,  with  the  same 
months  in  Fig.  4.)  As  a  result  of  the  fire  extinguishers  or  the  sprinkler 
system  installed,  or  the  employees  fire  department  organized,  or  the 
fire-proof  building  erected,  such  a  loss  would  be  avoided  in  the  future. 
It  is  much  easier  for  an  executive  to  obtain  appropriations  for  needed 
preventatives  when  he  can  show  his  directors  exactly  where  the  disaster 
touched  the  pockets  of  the  stockholders,  than  when  he  has  to  rely  upon 
mere  arguments. 

We  have  indicated  the  economies  to  which  an  analysis  of  particular 
months  may  lead.  There  remains  to  be  shown  the  advantage  to  be 
gained  bj^  analyzing  one  curve  covering  a  considerable  period,  and 
noting  the  effect  of  other  conditions  upon  it.  As  an  illustration,  take 
the  effect  of  the  output  upon  the  indirect  labor.  During  1914,  the 
factory  had  a  moderate  output  of  2,500  tons  per  month  and  a  moder- 
ately high  indirect  labor  cost  of  $6.20  per  ton.  During  the  early 
months  of  1915,  the  low  output  incidental  to  the  season  of  the  year  re- 
sulted in  the  charge  of  indirect  labor  hovering  around  $6.50.  As  the 
output  jumped  in  June  and  July,  the  indirect  labor  dropped  over  $2 
per  ton.  The  accident  in  August  took  the  indirect  labor  cost  up  to  $9, 
and  it  was  not  until  October  that  it  approached  $4  again.  The  out- 
put apparently  was  not  enough  larger,  however,  since  it  was  700  tons 
less  than  in  June,  to  account  for  all  of  this  drop.  Reasons  for  that 
would  have  to  be  sought  in  graphs  covering  various  sorts  of  overhead 
expense.  The  tendency,  however,  is  very  clear  and  the  executive  may 
determine  exactly  the  effect  output  has  upon  his  profits,  and  plan  ways 
and  means  to  carry  the  business  over  seasonal  slumps.  After  studying 
this  phase  for  a  year  or  two,  he  is  in  a  position  to  determine  exactly 
how  much  he  can  afford  to  cut  prices  at  certain  seasons  of  the  year 
in  order  to  keep  the  factory  busy  to  capacity  at  all  times.     It  was  con- 
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sideration  of  just  such  factors  as  this  which  led  scjme  of  our  larger 
corporations  to  dump  a  certain  portion  of  their  product  in  foreign  coun- 
tries a  few  years  ago — an  item  obtaining  wide  publicity  and  causing 
caustic  comment  by  such  economists  as  were  socialistically  inclined. 
The  principle,  however,  is  a  sound  one,  but  if  disaster  is  to  be  avoided 
exact  knowledge  of  the  limits  permissible  is  essential. 

The  "direct  labor"  curve  must  be  examined  in  connection  with  the 
departmental  curves.  Careful  study  of  this  curve  over  a  period  leads 
almost  inevitably  to  the  standardization  of  labor  conditions.  The  fall 
in  the  "direct  labor"  curve  shown  on  Fig.  4  would  have  to  be  ascribed 
to  some  such  cause  as  that. 

The  general  tendency  downward  in  the  "material"  curve  would  be 
caused  to  a  great  extent  by  a  fall  in  the  cost  of  raw  materials,  although 
a  considerable  percentage  of  it  might  be  due  to  the  standardization  of 
materials  and  a  bonus  to  employees  to  encourage  the  elimination  of 
wastes. 

In  general,  we  can  say  of  these  various  curves  that  the  fluctuations 
of  one  are  indefinably  associated  with  the  fluctuations  of  each  of  the 
others,  and  that  it  is  only  by  close  study  of  the  effect  of  one  upon  the 
other  over  a  considerable  period  of  time  that  the  executive  can  be  sure 
of  obtaining  maximum  results  in  the  way  of  low  operating  costs,  large 
sales,  and  ultimate  profits. 

It  is  only  after  a  thorough  and  detailed  study  of  past  conditions 
that  the  executive  is  in  a  position  to  set  standards  to  be  attained.  The 
following  graphs,  Figs.  5,  6  and  7,  illustrate  a  method  of  effecting  this 
standardization.  The  standards  set  in  each  case  were  based  upon  an 
hypothetical  analysis  of  conditions  assumed  to  prevail  during  1915. 
In  it  will  also  be  noted  that  we  show  the  actual  1915  accomplishment. 
This  is  done  merely  for  convenience  to  illustrate  the  method  of  pro- 
cedure. Thorough  standardization  has,  in  the  writer's  experience,  al- 
most without  exception  resulted  in  a  much  greater  degree  of  attainment 
than  that  shown. 

Fig.  5  shows  the  profit  which  must  be  earned  each  month  at  Works 
No.  2  in  order  that  it  may  bear  its  share  of  the  10%  return  on  the  in- 
vestment which  has  been  set  as  a  standard  net  profit  for  the  corporation 
as  a  whole.  The  broken  line,  marked  "standard,"  represents  the 
cumulative  earning  in  dollars  which  an  analysis  of  selling  and  manu- 
facturing conditions  has  determined  to  be  a  reasonable  attainment  each 
month.  Thus  the  gross  profit  from  this  factory  should  be  $24,000  for 
January.  By  the  end  of  February  this  profit  should  have  grown  to 
$52,000 ;  by  the  end  of  March  to  $81,000,  etc. 

The  solid  line,  marked  "actual,"  shows  how  nearly  the  1915  condi- 
tions would  have  allowed  the  actual  profit  for  that  year  to  approach 
the  prescribed  standard.  It  will  be  noted  that  at  the  end  of  February 
the  actual  was  $49, COO  below  the  standard,  and  by  May  the  actual  was 
$76,000  short  of  the  standard,  etc. 

In  order  to  set  a  standard  profit  it  is  obvious  that  it  is  only  neces- 
sary to  determine  for  each  month  a  standard  selling  price  and  a  stand- 
ard manufacturing  cost  per  unit,  and  to  multiply  the  difference  be- 
tween these  by  a  standard  output.  The  difficulty  lies  in  the  standardiza- 
tion of  factors  composing  the  cost,  selling  price,  and  other  items.     The 
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method  of  determining  these  will  be  discussed  as  we  proceed.  It  should 
be  noted,  however,  that  the  profit  has  been  standardized  to  bring  in, 
allowing  for  seasonal  fluctuations,  at  least  enough  to  secure  the  10% 
return  on  the  investment  which  has  been  set  as  the  standard  earning 
for  the  company. 

Fig.  6  shows,  by  means  of  the  diagonal  broken  line  marked  "stand- 
ard returns,"  the  cumulative  amount  by  months  to  be  received  from 
sales.  The  solid  line  shows  the  actual  receipts  for  1915.  The  standard 
sales  price  per  ton  set  for  each  month  is  shown  by  the  curve  at  the  top 
of  the  chart — the  cumulative  average  being  shown  by  the  broken  line 
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Fig.    6 — Selling    Price — Cumulative    and 
Monthly 
The  scale  at  the  left  indicates  monthly 
and     cumulative     tons.     At     the     right,, 
prices  per  ton. 


and  the  individual  months  being  shown  by  the  dotted  line.  Similarly^ 
the  curve  below  shows  how  nearly  the  monthly  selling  prices  for  1915 
reached  these  standards. 

The  matter  of  standardizing  selling  price  is  a  difficult  one.  In  some 
cases  it  i.s  manifestly  impossible  to  set  a  price  any  length  of  time  in  ad- 
vance at  which  the  goods  should  be  sold.  We  must  remember,  how- 
ever, that  in  every  business  there  is  some  one  in  authority  who  does  set 
the  selling  price.  Further,  that  he  sets  this  price  before  the  sale  is 
made.  And  finally,  that  the  more  past  data — call  it  experience  or 
what  you  will — he  has  in  his  possession,  the  more  intelligently  he  can 
set  this  price,  the  longer  in  advance  he  can  predict  market  conditions,; 
and  the  more  he  will,  therefore,  obtain  for  his  goods. 

Such  is  the  principle.     The  application  varies  with  every  business. 
It  is  sufficient  to  say  that  the  writer  has  in  mind  at  the  present  writing 
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instances  of  three  widely  diverging  types  of  business— business  where 
the  keenest  competition  prevails,  where  there  are  considerable  general 
and  seasonal  market  fluctuations,  and  where  the  selling  price  is  set 
months  in  advance;  yet  these  concerns  are  all  living  up  to  the  stand- 
ards set  with  a  regularity  and  precision  which  to  the  uninitiated  is, 
at  times,  positively  uncanny. 

The  standardization  of  the  selling  price  is  greatly  assisted  by  the 
''bonus-for-salesmen"  system,  which  makes  it  directly  to  the  financial 
interest  of  each  salesman  and  sales  manager  to  maintain  the  selling 
price,  the  quantity  of  sales,  and  the  amount  of  sales  expense,  by  re- 
warding him  exactly  in  proportion  to  the  effect  his  acts  in  regard  to 
these  matters  have  upon  the  ultimate  profits  of  the  firm.  This  system 
tends  to  diminish  materially  the  many  and  specious  reasons  for  cutting 
prices  which  are  advanced  by  salesmen  on  commission  or  by  salesmen 
who  think  their  promotion  depends  upon  the  quantity  of  their  sales 
alone ;  it  also  tends  very  materially  to  steady  the  market. 

Just  how  far  ahead  the  sales  price  can  be  standardized  depends  upon 
the  particular  business,  ^  and  must  be  determined  in  each  case.  The 
further  the  executive  tries  to  look  ahead,  however,  the  more  proficient 
he  becomes.  The  more  exact  his  data  on  past  performances,  the  more 
likely  he  will  be  to  predict  correctly.  The  mere  fact  that  he  has  set 
up  a  mark  to  shoot  at  will  raise  the  average  of  his  bullseyes.  A  rise 
in  the  average  selling  price,  other  things  being  equal,  is  inevitable — 
and  an  increase  in  the  net  profits  is  equally  unavoidable. 

It  will  be  noted  that  Fig.  6  shows  a  standard  selling  price  of  about 
$79  for  January  and  February,  which  is  raised  (it  is  assumed)  for 
March  and  April  to  cover  an  anticipated  rise  in  the  price  of  certain  raw 
materials,  and  is  later  lowered  to  cover  a  drop  in  the  market.  Actual 
conditions  in  1915,  shown  in  curve  marked  ''actual,"  do  not  even  ap- 
proximate the  conditions  predicted,  either  in  the  selling  price  per  ton 
or  in  the  return  from  sales. 

In  standardizing  the  selling  price  it  should  be  understood  that  by 
so  doing  the  firm  places  no  restraint  upon  prices,  unless  it  is  decided 
that  it  is  to  the  interest  of  the  firm  in  the  long  run  not  to  exceed  a 
certain  maximum  price.  In  the  particular  instance  covered  by  the 
graphs  the  selling  price  was  standardized  simply  at  a  figure  sufficiently 
above  the  standard  of  production  so  that  the  difference  would,  when 
multiplied  by  the  standard  output  for  the  year,  yield  sufficient  profit 
to  earn  the  standard  return  of  10%  on  the  investment.  By  compar- 
ing the  actual  selling  price,  then,  with  this  standard,  the  executive 
knows  at  any  time,  at  a  glance,  how  nearly  he  is  earning  his  standard 
profit. 

To  illustrate,  take  the  month  of  May:  Reading  the  cumulative  diag- 
onals, the  executive  observes  that  he  has  received  $770,000  from  sales 
during  the  five  months  where  he  should  have  taken  in  $1,200,000.  Fur- 
ther, that  so  far  he  has  sold  his  product  at  an  average  price  of  $75.90, 
while  he  should  have  averaged  $78.60  for  the  five  months.  In  addi- 
tion, he  notes  that  his  May  sales  brought  him  $78  per  ton,  while  he  only 
expected  to  receive  $75.10  per  ton.  He  can  thus  tell  at  a  glance  just 
how  well  he  is  doing  in  any  particular  month  and  just  how  much  he  is 
behind  schedule — and  how  much  he  must  manage  to  boost  prices  during 
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the  remainder  of  the  year  if  he  is  to  make  his  standard  profit.  There 
is  no  question  about  the  spur  of  such  knowledge. 

Fig.  7  shows,  in  cumulative  form,  the  standard  output  determined 
upon,  and  how  nearly  the  1915  output  approached  this  standard. 

In  order  to  establish  a  standard  profit  .a  standard  output  must  be 
determined.  The  executive  must  know  how  many  units  must  be  made — 
and  sold — as  well  as  the  standard  selling  price,  in  order  to  attain  the 
standard  profit. 

An  examination  of  former  production  curves  has  shown  him  that  the 
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Fig.   8 — Total   Manufacturing  Cost 
Tho  scale  at  the  right  shows  total  ex- 
penditures: that  at  the  left,  expenditures 
per  ton. 


factory  can,  when  pushed,  turn  out,  say,  3,200  tons  a  month  (Fig.  4). 
He  has  further  determined  from  his  sales  curve  that,  unless  he  is  pre- 
pared to  stock  heavily,  it  is  unwise  to  make  more  than  2,200  tons  in 
January,  2,500  tons  in  February,  2,700  tons  in  March,  2,800  tons  in 
April,  etc.  He  standardizes  his  output,  then,  accordingly,  so  that  his 
cumulative  production  at  the  end  of  April  should  amount  to  10,200  tons. 
Reference  to  his  standard  output  graph  (Fig.  7),  then,  would  show 
him  that  by  the  end  of  April  he  has  made  7,400  tons  and  is  2,800  tons 
behind  schedule,  which  must  be  made  up  by  the  end  of  the  year  if  he 
is  to  attain  his  standard  profit. 

In  Fig.  8,  the  diagonal  broken  line  shows  the  standard  prescribed 
as  the  cumulative  expense  to  be  incurred  for  manufacture  at  Works 
No.  2.  The  solid  line  shows  how  nearly  manufacturing  expense  for 
1915  reached  this  predetermined  budget  as  the  year  progressed. 
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The  curve  at  the  top  shows  the  actual  cost  per  ton  for  1915,  by  months 
and  in  terms  of  cumulative  average.  The  lower  curve  shows  the  stand- 
ards set.  The  other  factor  in  determining  the  profit,  besides  selling 
price  and  quantity  sold,  is  the  manufacturing  cost.  The  standardiza- 
tion of  manufacturing  cost  implies  usually  the  introduction  of  scientific 
management  in  the  factory.  It  is  not  our  purpose  to  enter  into  a 
lengthly  discussion  of  this  phase  of  the  matter  at  this  time;  but  as- 
suming, however,  that  the  executive  has  determined  what  his  product 
should  cost,  he  would  find  by  reference  to  this  graph  in  May,  for  in- 
stance, that  if  this  factory  had  turned  out  the  standard  output  at  the 
standard  cost  there  would  have  been  expended  $880,000.  Actually, 
however,  the  solid  diagonal  line  shows  that  only  $700,000  has  been 
spent.  We  have  already  seen  that  the  factory  failed  on  the  output. 
Reference  to  the  cost  curves  at  the  top  of  the  chart,  which  show  the  cost 
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Fig.    9 — Direct    Labor    Expense 

per  ton  to  manufacture,  discloses  the  fact  that  the  average  cost  per 
ton  during  the  first  five  months  of  the  year  was  $69.30,  when  it  should 
have  been  $67.65 ;  and  that  the  May  cost  per  ton  was  $66  as  against  a 
standard  May  cost  of  $64.10.  Again  the  executive  knows  just  how 
much  behind  he  is,  and  just  how  much  must  be  accomplished  if  the 
business  is  to  attain  the  standard  profit. 

This  manufacturing  expense,  and  cost  per  ton  to  manufacture,  is 
shown,  subdivided  into  its  elements,  in  Figs.  9  and  10. 

Fig.  9  shows  by  the  diagonal  broken  line  the  monthly  expenditure, 
in  cumulative  form,  set  as  the  standard  for  ''direct  labor"  at  Works 
No.  2.     The  solid  line  shows  the  expenditure  for  1915. 

The  curve  at  the  top  of  the  page  shows  the  actual  cost  per  ton  of 
direct  labor  by  months,  and  also  the  cumulative  average  as  the  year 
progressed.  The  lower  curve  shows  the  standard  cost  per  ton  for  direct 
labor. 

As  has  been   stated,  the  standardization  of  manufacturing   costs  is 
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dependent  largel}^  upon  scientific  management,  and  this  is  particularly- 
true  of  the  direct  labor  costs.  The  cost  of  each  operation  must  be 
standardized  by  the  use  of  analytical  time  study,  and  it  must  be  made 
to  the  interest  of  each  employee  to  attain  this  standard  by  the  intro- 
duction of  a  bonus  reward. 

This  graph  brings  out  the  apparently  anomalous  fact  that  it  is  quite 
possible  to  obtain  a  satisfactory  standard  cost  per  unit  of  manufacture, 
even  though  the  profits  are  unsatisfactory,  when  too  little  money  is 
being  spent  for  manufacture.  It  will  be  noted  that  by  June  the  actual 
cost  per  ton,  cumulative,  has  reached  $67.20,  within  $0.10  of  the  stand- 
ard set  (to  earn  10%  profit),  but  that  only  $900,000  has  been  spent 
where  $1,600,000  should  have  been  spent  for  manufacture.  The  reason 
for  this  apparent  inconsistency  would  later  be  found  to  lie  in  a  drop  in 
the  cost  of  material.  This  reduced  the  manufacturing  cost  and  neces- 
sitated a  cut  in  price,  so  that  the  margin  of  profit  did  not  increase 
sufficiently  to  sustain  the  profit  when  the  output  did  not  reach  stand- 
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ard.  It  is  just  such  obscurities  as  this  that  are  made  clear  by  the  use 
of  graphs. 

Fig.  10  shows  by  the  diagonal  broken  line  the  monthly  expenditure, 
in  cumulative  form,  set  as  the  standard  for  ''indirect  labor"  at  Works 
No.  2.     The  solid  line  shows  the  actual  expenditure  for  1915. 

The  curve  at  the  top  shows  the  actual  cost  per  ton  of  indirect  labor 
by  months,  and  also  the  cumulative  average.  The  lower  curve  shows 
the  standard  cost  per  ton  set  for  direct  labor. 

Indirect  labor  cost,  when  all  possible  inefficiencies  have  been  elimi- 
nated, is  largely  a  matter  of  output.  The  executive  in  this  case,  after 
studying  the  curve,  would  perhaps  conclude  that,  since  the  low  mark 
of  $4  per  ton  had  been  reached  in  July  with  an  output  of  3,200  tons, 
it  would  be  rea.sonable  to  suppose  that  such  a  cost  could  be  maintained 
continuously,  if  the  factory  could  turn  out  3,200  tons  a  month.  As  a 
matter  of  fact  he  knows  from  a  study  of  past  years  that  the  market  will 
not  take  over  2,200  tons  in  January,  that  by  March  they  should  be 
taking  2,700  tons  a  month,  by  June  they  should  be  taking  2,900  tons, 
etc.  He  feels,  however,  that  by  thoroughly  overhauling  the  works,  in- 
troducing more  efficient  methods  of  organization,  etc.,  he  can  reduce 


ORGANIZATION  AND  MANAGEMENT  95 

this  overhead  to  some  extent  and,  therefore,  places  his  indirect  labor 
standard  at  $4.05  for  the  busy  season  when  he  believes  the  market  should 
absorb  2,900  tons.  In  the  Spring,  when  the  market  is  good  for  only 
2,800  tons,  the  indirect  labor  cost  is  raised  proportionately  and  is  stand- 
ardized at  $4.10,  rising  to  $4.20  with  2,700  tons  standard  output  in 
March,  to  $4.60  in  February  with  2,500  tons,  and  reaching  the  high 
point  of  $5.20  for  January  with  its  2,200  tons  standard. 

Once  the  indirect  labor  standard  has  been  figured  out  in  this  way, 
the  executive  is  in  a  position  to  decide  whether  to  cut  prices  and  main- 
tain output,  or  to  maintain  price  and  let  the  output  fall,  since  he  is  in  a 
position  to  know  almost  to  the  dollar  just  what  every  ton  drop  in  out- 
put will  cost  him. 

The  setting  of  accurate  and  attainable  standards  depends  upon  ac- 
curate and  easily  assimilated  records,  and  records  in  greater  detail  than 
it  is  possible  to  show  in  an  article  of  this  sort.  It  is  necessary  to  go 
much  further  into  departmental  subdivisions  to  predict  with  exactness. 
We  have  attempted  only  to  indicate  the  way  with  a  few  generalities, 
since  the  illustrations  can  only  be  general  unless  a  specific  business  is 
discussed. 

Given  the  organization,  the  executive  who  has  his  business  before 
him — as  a  modern  general  has  his  battlefield  before  him  accurately 
mapped  to  scale — is  much  more  likely  to  predict  the  outcome,  and  to 
realize  the  outcome  he  desires,  than  the  man  who  depends  upon  an 
uncorrelated  mass  of  recollection  and  upon  his  intuition.  And  the  ex- 
ecutive who,  like  the  modern  general,  is  prepared  is  the  one  who  will 
win  his  fight  upon  the  battlefields  of  business. 

Organization  Chart.  Cross-section  papers,  especially  the  8^/^  by  11  in. 
sizes,  are  very  handy  for  drawing  up  organization  charts.  Fig.  11  is 
-an  example  of  a  general  case.  It  is  customary  to  write  in  the  names 
-of  the  individuals  filling  the  various  positions,  either  in  place  of,  or  to- 
gether with,  the  names  of  the  positions.  The  lines  of  the  paper  offer 
guides  both  for  the  small  rectangles  making  up  the  chart  and  for  writ- 
ing or  printing  within  the  rectangles.  The  chart  shown  is  reproduced 
from  one  published  in  Metallurgical  and  Chemical  Engineering,  Nov- 
ember 15.  1916. 

Charting  the  Stenographer's  Ability.  The  direct  application  of  a 
series  of  tests  to  stenographers,  from  these  the  setting  of  standards  and 
the  resulting  efficiencies  of  those  tested  is  described  by  Geo.  A.  Ricker, 
in  System,  the  Magazine  of  Business,  February,  1916,  as  fol"  3ws : 

Studies  resulted  in  a  practical  plan  for  standardizing  our  stenographic 
department.     The  following  factors  were  easily  obtainable : 

1.  Average  number  of  words  in  a  typewritten  line    12 ; 

2.  Average  number  of  lines  to  a  typewritten  page 26; 

3.  Average  number  of  stenographic  pages  to  a  typewritten  page 2; 

4.  Average  speed  typewriting    (words  per  minute) 60; 

•5.  Average  time  required  to  typewrite  one  page   (minutes) 5. 

Interruptions  during  dictation  made  it  impossible  for  us  to  estimate 
the  time  required  to  typewrite  from  the  time  consumed  in  dictating.  The 
obvious  method,  therefore,  was  to  count  the  number  of  stenographic  pages 
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in  the  diriaiiuii,  calculate  the  number  of  typewritten  pa^es  this  would 
make,  and  from  that  fiprure  the  time  required  for  transcription. 

We  have  two  fixed  requirements  for  our.  stenoj^raphers :  first,  they 
must  use  pens  instead  of  pencils ;  second,  they  must  operate  the  typewriter 
by  the  touch  system,  for  this  adds  much  to  their  speed. 

A  fair  compari.son  of  the  variations  is  shown  in  Fig.  12.  Steno- 
grapher **B*'  made  this  record  which  may  be  too  high,  however,  for 
an  averaire. 

1.  Speed  while  typewriting  from  stenographic  notes;   30  words  per   minute. 

2.  Speed  while  typewriting  from   straight  printed  copv;    54  words  per  minute. 

3.  Speed  while  typewriting  from  the  special  sentence,  "Now  is  the  time  for  all  good- 

men  to  come  to  the  aid  of  their  party";   115  words  per  minute. 
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Applicants  for  stenographic  positions  are  given  the  three  tests.  Then 
their  records  are  filed.  We  thus  know  how  proficient  stenographers  are 
at  the  beginning  of  their  service;  and  we  have  a  basis  for  observing 
whether  they  are  getting  better  as  time  goes  on. 

Fig.  12  represents  the  records  of  two  applicants. 

1.  Stenographer  ''A"  is  100%  proficient. 

2.  Stenographer  ''B"  is  only  50%  efficient  as  a  stenographer,  but  is 
90%  effective  as  a  typist.  It  would,  therefore,  be  more  economical  to 
use  "B"  on  copy  work  than  on  transcription,  because  of  her  difficulty 
in  reading  her  notes. 
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Fig.  12 — Results  of  Stenographers'  Tests 


3.  Stenographer  "B"  is  capable  of  greater  ultimate  maximum 
efficiency  than  "A."     This  is  indicated  by  the  greater  speed  on  test  3. 

Stenographers,  fresh  from  training,  plot  a  curve  similar  to  that  of 
'*'B."  As  they  increase  their  effectiveness,  they  change  the  angle  until 
it  becomes  an  actual  attainment  plot,  as  shown  in  the  ^ '  A  "  curve. 

The  curves  shown  to  the  right  represent  the  records  of  a  stenographer 
upon  entering  our  employ,  and  at  later  periods  when  tests  are  made 
to  determine  her  wage  value.  Notice  the  decreased  angle  of  inclination 
as  greater  proficiency  is  attained. 

For  the  standard,  or  100  7t  proficiency,  we  pay  $18  a  week. 

To  Prevent  Overbuying.  The  following,  from  an  article,  "Nutshell 
Reports  for  the  Boss,"  by  James  H.  McCullough,  published  in  System, 
the  Magazine  of  Business,  May,  1918,  illustrates  the  value  of  a  graphic 
chart  to  prevent  overbuying. 

Fig.  13  was  designed  by  one  factory  manager  to  help  him  control 
l)etter  the  purchase  and  use  of  a  certain  class  of  materials.     The  heavy 
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straight  line  at  $3,250  shows  the  ideal  inventory — the  amount  with, 
which  an  excellent  rate  of  turnover  could  be  secured.  This  quantity 
is  just  about  enough  to  run  the  department  for  a  month  and  a  half. 
The  hea\'y'  upper  line  shows  the  real  inventory.  The  solid  lower  line 
shows  the  month's  purchases,  and  the  dotted  line  the  material  used. 

Owing  mainly  to  uncertain  market  conditions,  the  actual  inventory 
has  been  consistently  well  above  the  *' ideal."  Efforts  to  force  it  down- 
ward are  evident,  however,  in  the  latter  part  of  1915  and  throughout 
1916,  and  again  in  the  latter  part  of  1917.  In  March,  April,  ]\Iay,  June, 
and  July  of  1917,  purchases  were  unusually  heavy,  and  since  the  amount 
used  did  not  keep  pace,  the  actual  inventory  line  ascended  rapidly. 

The  chart  clearly  shows  that  immediately  after  this,  purchases  were 
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reduced  while  .the  amount  used  increased.  As  a  result,  by  Pebruarj^ 
of  1918  the  actual  inventory  is  as  low  as  it  has  ever  been. 

Chart  Analysis  as  an  Aid  in  Buying.  The  following  from  an  article 
"What's  Behind  a  Good  Buyer's  Guess?"  by  A.  W.  Douglas,  published 
in  System^  the  Magazine  of  Business,  May,  1916,  shows  the  value  of  charts 
as  an  aid  in  the  analysis  of  conditions  relating  to  buying.     See  Fig.  14. 

The  ordering  of  goods  is  usually  held  to  be  a  very  simple,  elemental 
affair  largely  bound  up  in  a  want  book.  But  in  truth  it  is  one  of  the 
most  complex  propositions  imaginable  and  requires,  if  it  is  to  be  done 
successfully  and  correctly,  the  utmost  thought  and  intelligent  study. 

A  well  equipped  retail  hardware  store  in  a  large  town  may  have 
anywhere  from  10  to  15  thousand  items  in  stock.  The  problem  is  to 
have  as  many  of  these  as  necessary  on  hand  all  the  time — and  no  more — 
so  that  there  may  be  no  shortages  when  orders  are  to  be  filled,  no  dead 
8tock.s,  and  no  overstocks  of  seasonable  goods  to  be  carried  beyond  the 
season. 

The  real  difficulty  lies  in  the  fact  that  each  of  these  item^  in  stock, 
or  each  line  of  goods,  is  constantly  affected  in  price  and  demand — or 
both — by  practically   everything  that  happens  in   the   world.     There- 
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fore,  the  quantities  that  should  be  ordered  or  kept  in  stock  are  con- 
stantly changing. 

Of  all  the  causes  which  affect  sales  none  is  more  puzzling  than  the 
weather.  This  is  for  the  simple  reason  that  the  weather  can  not  be  fore- 
told with  any  degree  of  accuracy  more  than  36  hours  in  advance. 

I  went  back  over  the  weather  bureau  records  for  all  parts  of  the 
country  for  over  50  years,  and  the  only  conclusion  I  reached  was  that  the 
weather  runs  in  irregular,  but  none  the  less  certain,  recurring  cycles, 
each  of  about  50  years.  Also,  that  in  these  periods  there  occur  the 
same  extremes  of  heat  and  cold,  of  wet  and  dry  seasons. 

And  it  is  upon  these  related  phenomena — the  reappearance  of  past 
experiences — that  most  of  the  guesses  in  ordering  goods  have  to  be 
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Fig.  14 — Keeping  in  Touch  with  Demand 


founded.  Whether  you  will  or  no,  you  have  to  do  some  kind  of  guess- 
ing as  to  the  quantities  needed.  You  must  base  your  guesses  on  past 
experiences. 

Here  are  some  sales  figures  for  typical  seasonable  goods: 


wet 
1915 


wet  dry  dry 

1912  1913  1914 

Rubber   Hose— Feet    40,000  48,000  62,000  31,000 

Grass  and  Grain  Scythes  (Dozens)    1,000  800  400  850 

Ice  Cream  Freezers 2,000  2,100  1,900  1,400 

Refrigerators 600  720  780  510 

The  year  1912  was  characterized  by  abundant  rainfall.  1913  and 
1914  were  extraordinarily  hot  and  dry,  1915  was  the  wettest  year 
known  for  a  long  time. 

The  figures  cover  the  first  six  months  of  each  year — the  period  when 
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these  goods  sell  heavily.  Rubber  hose  is,  of  course,  mostly  used  in  dry 
weather,  for  sprinkling  lawns.  So  the  sales  in  that  line  are  just  what 
might  have  been  expected  from  the  prevailing  weather  in  each  year. 
See  Fig.  14. 

Both  grass  and  grain  scythes  are  used  principally  in  wet  weather. 
The  comparatively  large  sales  in  1913  are  due  to  a  curious  phenomenon 
which  illustrates  the  necessity  of  detailed  study  of  each  year.  The 
spring  and  early  summer  of  1913  had  the  usual  amount  of  rainfall. 
The  drought  did  not  commence  until  early  in  July  when  the  scythe 
season  was  over.  Conversely,  in  1914  the  dry  spell  commenced  about 
the  first  of  i\Iay  and  lasted  all  through  the  scythe-selling  season. 

These  conditions  likewise  influenced  the  sales  of  ice  cream  freezers 
and  refrigerators.  They  are  hot,  dry  weather  goods,  and  sell  best  in 
3'ears  like  1913  and  1914,  and  slowest  in  wet,  cool  years  like  1915. 

You  can  easily  and  logically  connect  the  sale  of  seasonable  goods  with 
the  prevailing  weather  conditions.  You  can  make  an  intelligent  study 
of  past  cause  and  effect  as  influencing  your  present  action  under  similar 
conditions.  You  are  no  longer  relying  on  your  memorj^,  which  is  usually 
short  and  treacherous  in  such  matters. 

If,  for  instance,  one  year  an  abnormally  wet  season  during  grain  har- 
vesting resulted  in  unusually  large  sales  of  grain  scythes,  the  graphical 
presentation  of  that  fact  on  a  chart,  as  in  Fig.  14,  should  prevent  your 
orders  for  the  following  year  from  blindly  counting  on  the  same  con- 
ditions. 

Of  course  good  or  bad  times  are  always  a  constant  factor  one  way 
or  the  other.  This  factor  in  bad  times  tends  to  decrease  sales,  and  in  good 
times  to  increase  sales  beyond  the  effect  of  weather  conditions. 

Another  factor  which  must  be  constantly  watched  by  the  forehanded 
is  that  of  the  fashions  in  some  goods.  Steel  traps  for  catching  fur- 
bearing  animals  sell  best  when  the  price  of  skins  is  high.  The  price  of 
skins  is  in  turn  set  by  the  demand  for  finished  furs.  This  is  in  turn 
set  by  the  fashions. 

The  years  of  1912  and  1913  were  years  of  high-priced  skins  and  much 
wearing  of  furs.  But  when  the  summer  of  1914  came,  the  forehanded 
buyer  found  out  from  some  fur  dealer,  or  from  the  Bureau  of  Foreign 
and  Domestic  Commerce  at  Washington,  that  our  exports  of  furs  to 
Europe  were  about  50%  of  our  total  production.  He  therefore  knew 
that  the  demand  for  furs  from  this  country  would  be  cut  in  two.  It 
was  then  obvious  enough  to  him  that  the  price  of  skins  would  decline 
accordingly,  that  trapping  would  be  unprofitable,  and  that  the  sale  of 
steel  traps  would  fall  off.     And  that  is  just  what  happened. 

Another  important  source  of  demand  variations  is  the  wide  divergence 
in  the  yield  of  the  crops.  This  results  in  a  corresponding  divergence 
in  the  demand  for  agricultural  implements  of  all  kinds. 

Information  regarding  the  promise  of  the  crops  and  estimates  of  the 
yields  can  easily  be  secured  from  the  free  bulletins  of  the  Department 
of  Agriculture  at  Washington. 

In.  all  things  it  is  necessary  to  check  general  prevailing  impressions 
by  facts  and  common  sense,  lest  you  go  off  on  a  tangent. 

Now  observation,  study  and  thought  of  this  sort  have  two  purposes: 
In  the  beginning  they  add  much  pleasure  and  interest  to  a  part  of  busi- 
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ness  usually  regarded  as  dry  and  grinding  in  its  monotony.  Their  sec- 
ond and  more  practical  purpose  is  to  enable  you  intelligently  to  order 
and  handle  your  stock  of  merchandise  so  that  you  will  be  able  to  fill 
your  orders  promptly,  avoid  unnecessary  and  costly  overstocks,  turn 
over  your  stock  often,  anticipate  both  the  coming  demands  for  new 
goods  and  the  dying  out  of  old  demands,  and  have  seasonable  goods, 
when  you  need  them  and  be  entirely  out  of  them  when  the  selling  sea- 
sons end.  And  the  net  result  is  that  the  merchandising  of  your  stocks. 
Will  become  a  living  and  profitable  part  of  your  business. 

What  and  When  People  Buy.  The  following  is  from  an  article  by 
Theodore  G.  Morgan  entitled,  ''I  Discover  Why  My  Store's  Advertis- 
ing Pays,"  published  in  System,  the  Magazine  of  Business,  January,  1916. 
Mr.  Morgan  secured  the  assistance  of  the  head  of  the  psychological  de- 
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partment  of  a  university  who  gave  him  the  theories  and  between  them 
they  worked  out  some  practical  and  profitable  results. 

Our  idea  was  that  if  we  could  define  the  habits  of  the  shopping  pub- 
lic, we  could  time  our  appeals  to  appear  at  the  moment  when  they 
would  be  most  effective.  If  we  could  do  this  we  might  greatly  reduce 
such  waste  as  had  occurred  in  our  advertisements. 

So  we  made  a  careful  study  of  the  various  departments,  by  personal 
observation,  by  reports  from  managers  and  salespeople,  and  through 
records  of  actual  sales.  What  we  wanted  to  do  was  find  on  what  days 
and  at  what  seasons  the  greatest  number  were  in  the  habit  of  purchas- 
ing particular  lines. 

We  uncovered  many  interesting  facts.  For  example,  we  learned  that 
materials  sold  by  the  yard,  such  as  silks,  dress  goods,  trimmings  and 
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T^ash  fabrics,  were  purchased  on  Mondays  and  Tuesdays  in  larger  quan- 
tities than  on  any  other  days  of  the  week.  The  most  opportune  time 
to  present  announcements  of  these  materials,  therefore,  was  naturally 
on  Monday  and  Tuesday.  By  doing  this,  our  tests  showed  that  we 
greatly  increased  the  pulling  power  and  reduced  waste. 

In  the  same  manner  we  discovered  when  the  greatest  number  of 
people  purchased  dress  patterns,  trunks  and  bags,  and  wedding  gifts; 
and  we  classified  and  rescheduled  our  appeals  in  these  lines,  as  well 
as  in  other  lines,  to  reach  the  public  at  times  when  habits  made  the 
greatest  number  of  people  naturally  think  of  these  particular  articles. 

The  time  to  advertise  wedding  gifts  for  June  weddings,  for  instance, 
is  not  in  the  middle  of  June,  when  the  weddings  are  actually  taking 
place,  but  during  the  month  of  May  when  people  are  receiving  wedding 
invitations  and  deciding  what  they  ought  to  give. 

Likewise,  the  time  to  advertise  fine  trunks  is  not  when  the  vacation 
season  is  in  full  swing,  but  from  three  weeks  to  a  month  previous,  when 
preparations  for  travel  are  being  made. 

Careful  study  showed  us,  again,  that  the  public  expects  bargains  on 
Friday,  and  may  come  to  stores  on  that  day  with  no  particular  aim 
except  to  hunt  bargains.  We  recognized  the  importance  of  this  habit, 
and  made  it  a  point  to  place  our  incomplete  assortments  on  sale  on  that 
particular  day  each  week. 

It  was  easy  for  us  to  note,  further,  that  on  Saturdays  there  were 
more  children  in  the  store  with  their  parents  than  on  any  other  day 
in  the  week.  The  answer  was  simple — Saturday  was  the  only  day  in  the 
week  that  the  children  were  free  from  school.  By  assembling  all  our 
children's  advertising  in  the  Friday  papers  we  reached  the  homes  when 
mothers  were  wondering  where  they  should  go  to  purchase  things  for 
their  children  the  following  day. 

We  noticed,  too,  that  furniture  is  most  keenly  sought  on  Saturday 
afternoons  and  on  Mondays.  Saturday  afternoons  the  husband  can  ac- 
company his  wife.  The  reason  for  Monday  buying,  we  determined,  was 
the  Sunday  holiday,  during  which  the  husband  and  wife  can  discuss 
the  desirability  of  so  important  a  purchase  as  furniture.  It  is  perhaps 
the  most  important  item  purchased  for  the  home,  and  is  not  usually 
bought  without  deliberation.  Furniture  appeals  reaching  the  public, 
then,  for  Saturday  and  Monday  shopping,  were  directly  in  accord  with 
a  clearly  defined  habit. 

Still  another  discovery:  there  is  great  activity  in  ready-to-wear  ap- 
parel and  dress  accessories  during  the  latter  part  of  each  week.  Many 
buy  then  in  preparation  for  a  week-end  outing,  or  in  order  to  meet 
the  requirements  of  Sunday.  And  it  requires  so  little  time  to  select 
these  things,  that  purchasing  them  can  safely  be  put  off  until  the  last 
moment. 

In  carrying  out  our  plans,  we  first  of  all  made  a  large  **  chart  of  de- 
mand." This  was  a  visual  chart,  based  upon  the  experience  of  former 
years.  It  enabled  us,  at  a  glance,  to  determine  the  volume  of  future 
demand,  and  to  plan  and  prepare  our  advertising  appropriation  to 
coincide  to  the  best  advantage. 

The  secret  of  successful  buying  and  selling  lies  in  judging  this  trend 
and  strength  of  future  demand.    With  our  chart,  the  merchandise  de- 
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partment  knows  in  just  how  many  weeks  demand  will  be  at  its  maximum 
for  a  given  line,  and  buying  is  permitted  or  curtailed  accordingly. 

For  instance,  actual  merchandise  figures  show  that  a  department  is 
overbought.  The  manager  of  that  department  is  anxious  to  go  into  the 
market  for  several  new  lines,  and  argues  that  a  four  weeks'  season  is 
just  beginning,  which  will  develop  a  strong  demand  for  the  new  line. 
Often  a  buyer,  in  his  desire  to  buy,  is  overoptimistic  in  this  way.  But 
the  chart  is  a  definite  restraining  guide.  Fig.  15. 

It  will  be  seen  how  this  shows  the  length  of  maximum  demand,  and 
how  permission  to  buy  can  be  given  or  refused  largely  by  finding  how 
long  a  period  of  maximum  demand  still  remains. 

Keeping  the  Cost  of  Selling  Down.  Edward  Corrigan  in  an  article 
^'What  It  Should  Cost  to  Sell,"  published  in  System,  the  Magazine  of 
Business,  October,  1917,  tells  of  the  method  his  concern  has  adopted  to 
standardize  and  reduce  selling  costs.  The  following  is  taken  from  this 
article : 

In  the  first  place  sales  work  is  based  upon  an  intangible  commodity: 
human  nature,  in  both  salesman  and  customer.  It  is  impossible  to  know 
exactly  to  the  penny  whether  a  salesman  is  producing  at  the  minimum 
cost  in  a  given  territory.  Again,  some  buyers  are  quick  to  decide  while 
others  'will  take  a  day  to  transact  business  that  could  be  finished  in  an 
hour.  Some  customers  are  small  buyers,  and  it  is  necessary  to  see  them 
frequently ;  others  buy  heavily  and  need  to  be  visited  only  two  or  three 
times  a  year. 

We  found,  therefore,  that  we  could  devise  no  hard  and  fast  system 
of  cost,  as  we  could  in  the  factory.  All  that  we  could  do  was  to  work 
out  a  fairly  accurate  system. 

Our  first  step  was  to  fix  for  each  territory  what  we  considered  an 
equitable  standard  of  cost.  In  one  territory  the  standard  might  be 
double  that  in  another.  Where  selling  costs  by  territories  were  already 
kept,  they  formed  the  basis  of  the  standard.  Where  the  costs  as  a  whole 
only  were  available,  it  was  necessary  to  work  out  an  approximate  cost 
for  each  territory.  As  the  cost  system  developed,  we  adjusted  the 
standard  for  each  territory. 

Unit  of  product,  we  found,  afforded  us  the  best  basis  in  fixing  this 
standard. 

In  addition  to  the  standard  selling  cost,  we  established  a  quota  of 
sales  for  each  territory. 

In  figuring  the  actual  cost,  we  give  the  salesman  credit  for  all  busi- 
ness from  his  territory,  whether  he  actually  sends  in  the  order  or  we 
receive  it  by  mail. 

In  fixing  both  standards  of  sales  cost  and  quotas,  we  felt  justified  in 
figuring  the  cost  a  little  low  and  the  quotas  a  little  high.  Of  course, 
we  had  to  be  careful  not  to  put  the  cost  too  low,  or  the  quota  too  high, 
and  thus  discourage  the  salesman. 

We  try  always  to  keep  the  idea  of  reducing  the  unit  cost  of  sales 
before  each  salesman  in  the  most  convincing  form.  Any  increase  in 
the  quota,  of  course,  is  a  step  tending  toward  the  reduction  of  sales  cost. 
We  plot  curves  to  visualize  the  facts.  In  Fig.  16  the  heavy  line  is  the 
quota  for  a  territory  covering  a  period  of  twelve  months,  and  the  light 
line  shows  the  actual  sales  in  the  same  period. 
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With  these  figures  so  graphically  before  us,  it  is  simple  to  make  up 
new  quotas  each  year.  We  usually  plan  for  a  certain  percentage  of 
increase  in  sales  over  the  same  months  of  the  previous  year.  You  will 
notice  in  the  curve  shown  that  allowance  is  made  for  the  usual  dull 
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Fig.  16 — Keeping  Up  to  Quota 


months  of  summer.  As  a  rule,  we  find  that  a  standard  of  sales  cost 
or  a  sales  quota  should  be  based  on  the  same  month  of  the  preceding 
year  rather  than  the  previous  month  of  the  same  year. 

Fig.  17  shows  the  standard  sales  cost  for  a  certain  territory.     The 
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Fig.  17 — ^Above  or  Below  Standard 

heavy  line  represents  the  standard  cost  fixed  for  the  territory,  and  the 
light  line  is  the  actual  cost. 

On  both  of  these  charts  the  lines  representing  the  quota  and  the 
standard  cost  are  drawn  in  when  the  charts  are  made  up  at  the  begin- 
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ning  of  the  year.  At  the  end  of  each  month  the  curves  showing  the 
actual  sales,  or  the  actual  cost  to  date,  are  drawn  in  and  sent  to  the 
salesman. 

Knowing  Just  What  Your  Salesmen  Are  Doing.  Mr.  Stanley  C.  Tar- 
rant, in  the  course  of  an  article  published  in  System,  the  Magazine  of 
Business,  December,  1915,  entitled  "Graphs  for  the  Sales  Manager," 
tells  how  a  sales  manager  uses  charts  to  keep  a  record  of  his  salesmen. 
See  Fig.  18. 
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Fig.  18 — For  the  Sales  Manager 


The  chart  is  drawn  on  millimeter  paper.  A  six-foot  length  of  this 
paper  takes  care  of  the  records  of  27  salesmen.  It  shows  graphically 
7  facts  about  every  salesman.  In  the  upper  portion,  the  following  facts 
appear : 

1.  Number  of  orders  obtained:   black  line; 

2.  Value  of  orders  obtained:  black  dotted  line; 

3.  Number  of  calls  made:   green  line; 

4.  Average  value  per  order:   green  dotted  line. 

On  the  lower  portion  of  the  chart,  these  facts  are  shown: 


1.  Average  cost  per  order  (salary,  commission  and  expenses) 

2.  Average  cost  per  call:   black  dotted  line; 

3.  Average  cost  per  $100  of  orders:  green  line. 


black  line; 


These  7  points  are  plotted  and  drawn  on  the  one  chart  to  show  the 
records  of  27  salesmen  in  less  than  4  hours  a  month. 

To  secure  the  information  which  goes  on  the  chart,  each  salesman  is 
provided  with  a  supply  of  post  cards.  He  fills  out  one  of  these  every 
day  and  mails  it  to  the  office.  On  it,  in  the  convenient  spaces  it  pro- 
vides, he  shows  the  number  of  calls  he  made  during  the  day,  the  num- 
ber of  orders  he  obtained  and  the  value  of  these  orders. 
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When  the  cards  are  received  at  the  office,  the  information  each  carries 
is  transferred  to  the  salesman's  individual  summarj^  and  at  the  end  of 
each  month  the  figures  on  this  form  are  totaled  and  the  averages  figured. 

To  Interest  Salesmen  and  Increase  Sales.  A  form  of  chart  intended 
to  excite  interest  and  speed  up  sales  is  shown  in  Fig.  19.  This  and  the 
following  article,  "Taking  Salesman's  Selling  Temperature,"  appeared 
in  Motor  World,  April  25,  1917.  The  Grasser  Motor  Co.,  Hupmobile 
dealer,  Detroit,  is  speeding  up  spring  sales  by  holding  a  salesman's  con- 
test during  the  month  of  April. 

First,  G.  Edward  Bleil,  branch  manager,  estimated  how  many  cars 
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Fig.  19 — Salesman's  Selling  Temperature 

ought  to  be  sold  in  the  month.  He  knew  that  all  his  salesmen  were  not 
equal,  and  hence  could  not  sell  proportional  parts  of  this  estimate.  So 
to  put  the  contest  on  a  fair  basis,  and  to  prevent  discouragement,  he 
set  a  definite  number  of  cars  the  men  must  sell  to  qualify  for  a  prize. 

To  win  first  prize,  $100,  the  salesman  must  sell  at  least  12  cars ;  to  win 
second  prize,  $75,  10  cars,  and  third  prize,  $50,  7  cars. 

The  record  of  the  salesmen  is  kept  on  a  chart,  the  amounts  sold  being 
shown  by  the  height  of  the  column  in  the  thermometer  representing  the 
individual  salesman's  sales. 

In  order  to  prevent  the  men  holding  back  on  their  sales  and  to  in- 
duce them  to  make  a  good  record  through  the  contest,  Bleil  did  not  an- 
nounce the  contest  until  April  1.     Hence  the  men  all  started  equal. 

The  contest  was  preceded  by  an  advertising  campaign  that  tended  to 
plough  up  the  prospect  field  and  stimulate  the  sales,  but  the  main  effort 
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was  concentrated  in  creating  a  sporting  spirit  among  the  salesmen  them- 
selves.    The  sales  contest  did  this. 

"Curves  That  Plot  the  Performance  and  Eflfciency  of  the  Sales- 
man," following,  was  published  in  the  Electrical  World,  August  12,  1916. 

The  Elmira  Water,  Light  &  Railroad  Company  of  Elmira,  N.  Y.,  em- 
ploys a  graphical  method  for  following  the  work  of  its  salesmen.  As 
explained  by  F.  H.  Hill,  general  manager  of  the  company,  the  sales- 
men's efforts  are  reduced  to  a  curve.  Fig.  20. 

This  particular  salesman,  it  will  be  noted,  is  an  extremely  active  man,' 
making  a  very  large  number  of  calls  per  day  during  the  month  for 
which  the  curve  was  compiled.  The  percentage  of  his  sales  and  his  calls, 
however,  is  also  quite  high,  and  the  cost  per  sale  is  extremely  low.  By 
the  word  ''sale"  is  meant  the  securing  of  a  meter  contract.  The  man 
whose  work  is  indicated  on  the  curve  sheet  is  exclusively  on  residence 
work. 

At  the  end  of  each  month  each  salesman's  report  is  made  up  on  this 
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Fig.  20 — The  Efficiency  of  the  Salesman 
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Fig.  21 — How  Collections  and  Sales 
Agree 


form  and  each  salesman  is  given  a  copy,  not  only  of  his  own  but  of  every 
other  man's  record.  ''We  find,"  comments  Mr.  Hill,  "that  each  sales- 
man spends  more  time  in  studying  the  other  man's  record  than  he  does 
his  own,  endeavoring  to  find  out  how  his  competitor  does  it." 

Keeping"  Tabs  on  Collections.  The  following,  from  an  article  in 
System,  the  Magazine  of  Business,  June,  1918,  ''Getting  Your  Money 
When  It's  Due,"  illustrates  the  value  of  the  chart  in  his  connection. 
Mr.  Horace  S.  Griswold,  who  uses  the  chart,  says:   (See  Fig.  21). 

"Here  are  plotted  cumulatively,  from  month  to  month,  sales  and  ac- 
counts received;  using  the  accounts  received  not  of  the  same  date  as 
the  sales,  but  two  months  later.  January  sales  are  compared  with 
March  collections.  January  plus  February  sales  are  compared  with 
March  plus  April  collections.  The  same  relation  holds  throughout. 
Working  on  a  60-day  basis  if  accounts  are  collected  up  to  date,  the  ac- 
-counts-collected  line  should  nearly  parallel  with  the  sales  line. 

"Seasonal  lags  and  spurts  in  collections  are  thus  clearly  shown,  and 
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the  general  relations  between  collections  and  sales  can  be  properly  main- 
tained. The  objection  might  be  offered  by  some  that  moneys  collected 
during  March  might  apply  on  sales  in  March  or  any  prior  month.  That 
is  true,  but  in  spite  of  some  hits  and  some  misses  the  general  relation 
holds  nearly  enough  true  to  make  the  chart  effective. 

**I  find  that  the  use  of  the  graph  for  general  conditions,  and  cards 
for  individual  variations,  serves  to  warn  me  of  dangerous  conditions 
and  tends  to  keep  collections  where  they  should  be." 

Labor  Turnover.  E.  Goldberger,  in  an  article,  ''Labor  Turnover — 
Discussion,"  published  in  Industrial  Management,  November,  1918,. 
states,  in  part,  that  the  Packard  Motor  Car  Company,  of  which  he  is 
efficiency  engineer,  have  investigated  this  proposition   repeatedly  and 
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Fig.  22— Chart  of  the  Vital  Statistics  of 
Employment 

that  they  have  adopted  and  applied  the  following  method,  which  two- 
charts,  Figs.  22  and  23,  help  to  make  clear. 
Fig.  22  shows: 

A.  Grand  total  of  men  employed  in  the  division. 

B.  Total  number  of  men  hired  during  one  week  preceding  the  date 
marked  on  the  horizontal  co-ordinate  (this  includes  new  men,  rehired,. 
reinstated  and  transferred  in). 
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C.  Total  number  of  men  paid  off  during  one  week  preceding  date 
marked   (includes,  resigned,  laid  off,  discharged  and  transferred  out). 

D.  Total  number  of  men  hired  during  four  weeks  preceding  date. 

E.  Total  number  of  men  paid  off  during  four  weeks  preceding  date. 
For  figuring  the  labor  turnover  I  have  adopted  a  new  standard  that 

gives  a  better  index  as  to  the  labor  condition  in  a  division. 

1.  Instead  of  one  week's  figure  for  hired  or  paid  men,  I  take  the 
total  of  four  consecutive  weeks,  which  then  gives  an  evener  slope  in  the 
curves  expressing  turnover  tendencies. 

One  week  is  too  short  a  period  from  which  to  draw  any  intelligent 
conclusion,  since  the  variation  between  two  following  weeks  might  rep- 
resent a  couple  of  hundred  per  cent. 

2.  The  total  number  of  men  that  have  been  hired  and  been  paid  off, 
i.  e.,  actually  replaced,  represents  a  complete  turnover,  and  if  there  be 
an  excess  of  men  hired  over  paid  off,  they  actually  are  to  be  accounted 
to  increase  in  force,  while  if  there  be  an  excess  of  men  paid  off,  they 
represent  a  decrease  in  force. 

The  term  '' fluctuation  of  labor"  (  +  if  increasing  the  force,  —  if 
decreasing)  is  used  to  express  these  figures,  since  it  leaves  the  term 
''turnover  of  labor,"  to  represent  only  what  its  name  implies. 

It  is  important  to  make  this  distinction,  since  avoiding  a  higher  labor 
turnover  calls  for  one  type  of  preventatives  in  the  employment  and  fac- 
tory departments,  while  a  high  fluctuation  is  either  unavoidable  or  the 
preventative  means  must  be  taken  in  the  production  and  sales  depart- 
ments. 

3.  To  avoid  using  the  information  after  it  has  become  one  month  old, 
from  month  to  month  I  figure  the  turnover  and  fluctuation  every  week 
for  the  past  four  weeks;  this  gives  52  chances  for  intervention  instead 
of  only  12  per  year. 

The  labor  turnover,  then,  is  the  ratio  between  the  total  replacements 
in  a  division  during  the  four  weeks  preceding  the  date  of  figuring,  and 
the  grand  total  of  men  employed  (on  our  books)  at  the  end  of  that 
period.  This  figure  multiplied  by  13  gives  the  labor  turnover  percent- 
age reduced  to  a  yearly  basis. 

The  above  rule  naturally  implies  that  if  a  man  has  left  for  certain 
reasons,  and  another  one  has  been  hired  during  the  four  weeks  follow- 
ing his  departure,  a  replacement  has  taken  place  which  has  to  be  ac- 
counted into  turnover,  but  if  he  be  not  replaced  at  all,  or  replaced  only 
after  more  than  four  weeks,  it  is  accounted  as  fluctuation. 

Fig.  23  gives  both  the  turnover  and  the  fluctuation  (above  the  o  line 
if  increasing,  below  if  decreasing  the  department's  force).  They  are 
both  figured  in  per  cent  {i.  e.,  taken  over  the  total  number  of  men  em- 
ployed in  that  division  during  that  week).  The  figures  on  the  left  side 
of  the  column  read  the  percentage  for  the  elapsed  four  weeks  (almost 
a  month)  and  those  on  the  right  side  the  same,  reduced  to  a  yearly 
basis. 

The  prevailing  practice  in  figuring  labor  turnover  is:  Multiply  the 
number  of  men  hired  (or  leaving)  each  week  by  52  and  divide  the  re- 
sult by  the  grand  total  of  employees.  This  leads  to  wrong  conclusions 
since  it  is  neither  the  hired,  nor  the  leaving  men  that  constitute  the 
basis  of  labor  turnover. 
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Both  methods  (hired  or  leaving  men  as  basis  for  turnover)  and  their 
error  appear  in  Fig.  22,  where  in  two  different  divisions  the  conditions 
are  directly  opposed.  Either  way  of  figuring  would  affect,  considerably, 
the  factor  representing  turnover.  Actually,  the  true  turnover  cannot 
be  so  different  in  two  divisions  under  the  same  management  and  same 
scale  of  wa.s:es. 

Of  course,  the  same  conclusions  could  be  drawn  if,  instead  of  two 
divisions,  we  would  consider  two  plants. 
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Fig.  23 — Chart  of  Labor  Turnover 
and  Labor  Fluctuations — Two  De- 
partments 

The  following  remarks  amplify  the  preceding: 

1.  Transfers  in  or  out  are  always  counted  as  hirings  or  leavings^ 
keeping  in  mind,  of  course,  that  a  man  transferred  from  one  depart- 
ment to  another  one  of  the  same  division  is  to  be  figured  in  the  de- 
partmental turnover  but  not  in  the  divisional  turnover. 

2.  Number  of  men  on  the  hooks  or  men  actually  working,  a.  The're 
are  more  reasons  in  favor  of  counting  the  men  on  our  books  rather  than 
those  really  attending,  as  some  men  leave  without  notice,  passing 
through  a  transitory  stage  of  not  attending  and  still  being  on  the  books ; 
80  that,  when  they  leave  and  are  counted  in  the  turnover,  they  do  not 
represent  the  turnover  of  the  force  working,  but  of  that  on  our  books. 

b.  It  is  much  easier  to  count  the  men  on  the  books  than  those  attend- 
ing, as  the  first  information  can  be  made  available  quickly  in  the  em- 
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ployment  office,  while  the  last  one  has  to  be  made  available  by  many 
clerks  in  different  departments  or  by  the  time  office. 

c.  The  disturbance  of  the  balance  of  forces  in  the  industrial  condi- 
tions of  the  country  has  compelled  us  to  consider  the  problem  of  labor 
turnover.  It  is  very  likely  that  high  wages,  where  they  are  unwar- 
ranted, will  force  us  to  face  the  problem  of  absentees,  and  to  study  a 
standard  coefficient  of  attendance.  There  can  be  no  doubt  but  that  this 
is  represented  by  the  ratio  of  elapsed  straight  man  hours  (^.  e.,  not  in- 
cluding overtime)  over  total  available  man  hours  on  the  books  (similar 
to  the  ratio  of  output  over  input  in  any  power  machine).  This  is,  in 
my  opinion,  a  good  enough  reason  to  keep  the  same  denominator  for 
all  three  coefficients,  labor  turnover,  labor  fluctuation  and  labor  attend- 
ance. 

3.  Standard  period.  A  day  or  a  week  are  too  short  periods  from 
which  to  draw  intelligent  conclusions  (see  the  figures),  and  a  four- 
weeks'  period  has  an  advantage  over  a  monthly  period  since  the  last 
one  varies  almost  10%  in  length,  which  would  also  affect  our  coefficients. 
It  takes  about  one  hour  per  week  to  plot  the  curves  shown  for  all  15 
divisions  of  our  plant. 

4.  Unavoidable  replacements.  Employment  managers  like  to  see  the 
turnover  figures  as  low  as  possible  and  favor  eliminating  the  "unavoid- 
able replacements"  from  the  figures  expressing  turnover.  There  are, 
however,  two  reasons  why  we  have  preferred  not  to  make  this  elimina- 
tion. First,  the  unavoidable  replacements  cost  just  as  much  money  as 
the  other  ones,  and,  second,  how  are  we  going  to  agree  upon  a  standard 
deciding  what  is  and  what  is  not  an  unavoidable  replacement? 

5.  Average  number  of  men  on  payroll.  It  would  be  more  correct, 
from  a  mathematical  standpoint,  to  take  as  the  denominator  of  the  ratio 
expressing  the  labor  turnover  the  average  number  of  men  on  the  pay- 
roll during  the  four  weeks  preceding  the  computing  of  the  turnover 
percentage.  To  do  this,  we  would  have  to  take  one-fourth  of  the  sum 
of  all  men  on  the  books  on  every  one  of  the  four  weeks.  This  would 
be  a  trifle  more  complicated  than  to  take  the  number  on  the  books  at 
the  end  of  the  four  weeks  period  (as  we  now  do)  and  would  be  only  a 
trifle  more  correct  for  practical  purposes.  A  standard  should  be  agreed 
upon  in  this  case. 

New  Method  for  Determining  Stability  of  Working*  Force.  In  an 
article  "Labor  Maintenance  and  Its  Indices,"  published  in  Industrial 
Management,  February,  1919,  "Winthrop  Talbot  offers  a  new  method 
for  calculating  indices  to  show  the  stability,  maintenance  and  replace- 
ment of  the  working  force.  The  value  of  charts  in  helping  to  make 
new  ideas  clear  is  well  demonstrated. 

Labor  maintenance  is  keeping  a  required  force  of  workers  steadily  at 
work. 

When  a  laboring  force  is  maintained  at  a  required  number  without 
change,  labor  maintenance  is  effective,  for  a  steady  force,  on  a  steady 
job,  at  steadj^  pay,  helps  to  keep  labor  costs  at  a  minimum.  Employ- 
ment changes  occurring  naturally  and  inevitably  in  industry  are  not 
only  to  be  expected,  but  in  general  are  not  wasteful.  In  essentially  sea- 
sonal occupations  like  the  canning  industry  they  contribute  essentially 
to  economy  and  profit. 
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It  is  the  unnecessary  changes  in  personnel  occasioned  throug^h  faulty 
employing  methods,  poor  foremanship,  bad  working  conditions,  in- 
equitable pay,  deficient  planning  and  scheduling,  which  may  often 
cause  enormous  and  needless  expense  for  supervision,  training,  time,  ma- 
terial, power,  machine  upkeep,  and  wages. 

Such  expense  is  largely  avoidable,  and  is  often  so  great  that  much 
time  and  thought  has  been  devoted  to  devising  ways  and  means  for  ex- 
pressing the  relative  number  of  such  useless  changes  in  personnel.  In 
so  doing  emphasis  has  been  laid  on  the  changes  themselves,  rather  than 
on  the  means  of  prevention.  We  have  been  interested  more  in  labor 
turnover  than  in  labor  maintenance.  We  have  concerned  ourselves 
rather  with  negatives  than  with  positives;  with  the  effects  of  destruc- 
tion more  than  with  the  means  of  construction;  but  in  this  period  of 
industrial  reconstruction  the  time  is  at  hand  to  turn  ourselves  to  the 
processes  of  building  up  rather  than  to  the  effects  of  tearing  down. 

In  sharp  contrast  with  labor  maintenance,  labor  turnover  denotes 
merely  change  of  personnel  without  reference  to  causes.  It  is  com- 
monly expressed  in  terms  of  percentage.  This  percentage  is  calculated 
by  various  methods,  usually  by  dividing  the  number  of  exits  by  th6 
number  at  work.  These  percentages  of  labor  turnover  are  misleading 
when  used  for  purposes  of  comparison,  but  unless  they  may  be  so  used 
they  are  almost  valueless.  The  main  reasons  why  they  are  misleading 
are  because  the  base  or  number  of  workers,  the  amount  or  number  of 
exits  or  entrances,  the  time  or  payroll  period  such  as  days,  weeks, 
months,  or  years  are  all  variables,  or  quantities  whose  value  changes  in 
the  same  discussion,  and  as  a  result  the  percentage  becomes  a  variable 
also.  If  the  value  of  a  quantity  changes,  the  value  of  a  function  of  the 
quantity  will  change.     These  changing  values  arouse  endless  debate. 

We  may  justly  state  in  terms  of  percentage  the  number  of  persons 
employed,  or  the  number  of  persons  discharged  on  any  given  day  com- 
pared with  the  whole  number  at  work  or  on  the  payroll  on  that  day. 

We  may  compare  by  a  percentile  figure  the  number  of  persons  em- 
ployed or  discharged  during  any  given  week  with  the  average  number 
at  work  or  on  the  payroll  during  that  week. 

Similarly,  we  may  give  the  percentage  for  ins  and  outs  for  one 
monih  or  one  year,  but  when  we  try  to  extend  our  percentile  figures 
from  one  day  to  many  days,  or  from  one  week  to  many  weeks,  or  from 
one  month  to  many  months,  or  from  one  year  to  many  years,  it  is  evi- 
dent that  owing  to  the  variables,  and  especially  the  time  variable,  our 
percentile  relationship  becomes  misleading. 

Thus  we  are  forced  to  the  obvious  conclusion  that  the  term  percent- 
age of  labor  turnover  may  be  used  correctly  only  for  the  relationship 
of  ins  and  outs  to  the  total  number  of  workers  for  one  day,  for  one 
week,  for  one  month,  for  one  year,  and  in  general  for  one  plant,  in  one 
industry,  in  one  locality. 

The  factors  affecting  the  stability  of  the  base,  i.  e.  the  total  number  of 
workers  are  so  varied  and  so  intimately  dependent  on:  Expansion  of 
the  business,  seasonal  fluctuation,  special  production;  As  well  as  such 
important  matters  as:  Foremanship,  rate  of  pay,  hours  of  labor,  season 
of  year,  nature  of  industry,  work  conditions,  health  of  workers,  train- 
ing of  workers,  common  language  locality,  source  of  labor  supply,  race, 
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age,  sex,  that  the  usefulness  of  the  term,  labor  turnover  percentage, 
reaches  the  vanishing  point. 

There  is  a  fashion  in  the  use  of  language,  just  as  there  is  a  mode  in 
the  fashioning  of  clothes,  which  passes  with  the  season  or  the  period. 
The  vague  term,  percentage  of  labor  turnover,  is  destined  to  disappear 
from  our  industrial  vocabulary.     Its  present  use  is  unscientific. 

In  any  case,  what  we  are  after  is  labor  maintenance  rather  than  labor 
turnover,  for  the  former  determines  costs,  and  costs  are  the  main  issue 
of  expanding  industry  and  commerce. 
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Labor  Replacement 


To  discuss  labor  maintenance  with  profit,  it  is  important  to  establish, 
if  possible,  a  method  of  determining  accurately  and  simply  the  degree 
and  type  of  labor  stability  in  any  business  throughout  any  period  of 
tim_e. 

The  accompanying  maintenance  of  labor  chart.  Fig.  25,  shows  such 
conditions  as  taken  from  the  payrolls  of  a  successful  producing  con- 
cern, manufacturing  a  line  of  goods  which  sells  more  freely  in  the 
summer  than  in  the  winter;  in  other  words,  a  partially  seasonal  indus- 
try. It  presents  the  annual  growth  of  this  newly  established  plant,  as 
well  as  its  seasonal  fluctuations  in  employment,  taking  on  relatively 
large  numbers  in  the  early  spring  and  laying  them  off  in  the  late 
autumn.  It  also  demonstrates  clearly  the  unnecessary  changes  taking 
place  during  the  height  of  production. 

The  chart  includes  a  period  of  nearly  five  years,  since  the  inception 
of  the  business  in  1914;  In  the  background  are  sketched  the  numbers 
of  persons  at  work  month  by  month.     Above  the  base  line  in  heavy 
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l)lack  is  the  number  newly  employed  each  month,  and  below  the  base 
line  is  the  number  who  have  left  during:  each  month. 

Beginning  in  May,  1914,  with  29  workers,  9  left  during  the  month, 
and  in  June,  12  were  employed,  thus  making  a  net  gain  of  3  for  June. 
During  June,  3  left,  and  4  were  employed  in  July,  thus  making  a  net 
gain  of  1  for  July.  As  we  follow  the  chart  from  month  to  month  we 
note  in  June,  1915,  a  largely  increased  number  of  workers  taken  on 
with  a  consequent  falling  off  in  September.  In  March,  1916,  again 
came  a  busy  season  ending  in  November.  In  1917,  the  busy  season 
commenced  in  March  and  fell  away  gradually  in  the  autumn.  Again 
in  ]\rarch  and  April,  1918,  there  was  not  only  the  seasonal  growth, 
but  the  growth  of  the  business  itself  is  shown  as  in  the  two  preceding 
years  by  the  greatly  increased  number  of  operators. 

With  each  seasonal  fluctuation  it  is  plain  that  large  numbers  of  new 
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Fig.  26 — Labor  Replacement  Chart  Showing  Number  at  Work,  Number  of  Entrances 
and  Number  of  Exits,  Monthly 


workers  had  to  be  employed,  and  at  the  close  of  each  season  many  had 
to  be  laid  off.  This  is  especially  evident  in  1915  and'  1916.  Such 
required  increa.se  and  reduction  in  numbers  are  distinctly  in  the  line  of 
economy  and  should  not  be  placed  in  the  same  category  with  those 
changes  of  a  regretable  type  occurring  in  the  busy  intervening  summer 
months  of  greatest  production.  In  1918,  for  instance,  at  the  time  of 
need  for  steady  workers  on  steady  jobs  at  steady  pay  the  replacements 
totalled  more  than  the  full  force. 

To  gain  a  fairly  accurate  conception  of  change  of  personnel  through- 
out other  divisions  of  the  same  organization,  similar  charts  should  be 
made  for  each.     Worked  out  for  divisions   employing   large  numbers 
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of  foreign  laborers  and  having  much  greater  labor  fluctuation,  the 
results  are  striking  and  illuminating.  In  the  present  case  it  was  thought 
to  be  most  helpful  to  discuss  a  well-managed  type  of  concern,  rather 
than  to  use  as  an  illustration  the  shortcomings  of  a  plant  poorly  super- 
vised or  disadvantageously  situated. 

With  this  picture  of  the  monthly  entrances  and  exits  before  us,  we 
are  impressed  with  the  need  for  disinguishing  between  necessary  and 
unnecessary  additions,  as  well  as  between  necessary  and  unnecessary 
separations.  Then  too  we  ought  to  be  kept  informed  how  much  the 
working  force  is  increasing  or  diminishing  from  one  payroll  period 
to  another.  No  labor  turnover  percentage  is  capable  of  indicating  this 
distinction. 

It  is  desirable  to  fix  some  standard  or  index  of  comparison  which 
shall  not  be  misleading  and  shall  be  expressive  of  what  we  need  to 
know,  namely: 

Requisite  fluctuation  in  personnel 

Number  of  changes  required  to  meet  these  fluctuations. 

Total  number  of  changes  which  actually  take  place. 

Index  of  stability.     If  no  workers  are  needed  and  no  changes  are 

0 

made  from  one  payroll  to  another,  our  index  is  — ,  the  index  of  stability. 

0 

Index  of  maintenance.  From  day  to  day  or  week  to  week  the  number 
on  the  payroll  varies,  the  number  increases  or  diminishes.  The  amount 
of  variation  may  be  termed  the  fluctuation  factor.  To  meet  these  varia- 
tions and  supply  the  necessary  increase  or  decrease,  workers  must  be 
hired  or  laid  off.  These  •  constitute  the  requisite  change  of  the  total 
changes  made,  and  are  identical  with  the  fluctuation  factor.  The  rela- 
tion of  the  requisite  changes  to  the  fluctuation  factor,  or 

Fluctuation  factor  ^ 


Requisite  change 

1 

is  an  index  which  may  be  expressed  as  an  index  number,  i.  e.  — . 

1 
Example :     If  three  more  workers  are  needed  and  three  more  are 

3 
added,  our  numerical  index  is  — ^,  which,  reduced  to  lowest  terms  is 

3 
1 
an  absolute  index  of  — .     This  is  our  index  of  maintenance. 
1 
Index  of  replacement.     The  numerical  index   of  replacement  is   an 
exact  statement  in  numerals  of  requisite  changes  related  to  total  changes, 
and  is  of  direct  value  to  the  industrial  manager  or  employment  director 
as  a  check  on  employing  costs. 

The  absolute  index  of  replacement  is  of  special  statistical  value  for 
comparing  the  worth  of  employing  and  management  methods  of  one 
concern  with  another,  when  it  is  not  desired  to  state  the  actual  numbers 
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employed.  It  serves  every  purpose  of  a  labor  turnover  percentage  and 
is  preferable  in  that  it  is  accurate. 

The  closer  the  replacement  index  comes  to  the  maintenance  index  of 
1  0 

— ,  or  to  the  index  of  stability,  — ,  the  lower  are  the  indicated  employing" 
1  0 

5         7 
costs.     A  high  replacement  index  such  as  —  or  — ,  that  is,  where  the 

1  1 

total  chanqes  are  five  or  seven  times  the  requisite  changes  (or  the 
fluctuation  factor)  the  indicated  employing  costs  are  five  or  seven 
times  as  large. 

Such  changes  made  for  the  purpose  of  maintaining  the  force  are  in 
the  line  of  economy  of  administration.  We  are  not  concerned  par- 
ticularly with  such  requisite  changes,  and  yet  such  changes  are  heavily 
represented  in  so-called  labor  turnover  percentages.  We  are  concerned 
mightily  with  any  other  changes,  all  of  tvhich  are  costly. 

The  relation  of  requisite  changes  or  the  fluctuation  factor  to  total 
changes  is  of  prime  importance.     This  relation   expressed  by 

Total  changes  T.  C. 

or 

Fluctuation  factor       F.  F. 

is  our  index  of  replacement. 

Example :  If  we  require  seven  new  workers  during  a  payroll  period, 
and  twenty-one   total  changes  of   exits   and   entrances   are   made,   the 

21 
numerical  index  of  replacement  is  —  and  the  absolute  index  of  replace- 

7 
3 
ment  is  — .     This  index  of  replacement  holds  good  for  any  payroll  period 

1 
of  time,  whether  it  be  a  day,  week,  two  weeks,  half  a  month,  month, 
or  year.     The  numerical  divisor  1  is  retained  to  indicate  maintenance 
as  contrasted  with  the  0  of  stability. 

The  table  gives*  the  indices  of  replacement  for  each  month  in  the 
maintenance  of  labor  chart  showing  how  the  index  may  be  applied  to  in- 
dicate the  measurement  of  efficiency  in  employment  methods  and  man- 
agement in  any  plant. 

It  is  neces.sary  to  stress  the  meaning  of  total  changes.  We  should 
remember  that  the  main  value  of  replacement  figures  is  their  relation  to 
cost.  There  is  expense  incurred  whenever  a  name  is  removed  from  a 
payroll  and  whenever  a  name  is  added  to  a  payroll.  Therefore,  in  estab- 
lishing an  index  figure  of  replacement  which  shall  aid  in  determining 
labor  cost  we  must  calculate  with  the  sum  of  exits  and  entrances  or  the 
total  numfcer  of  changes.  The  term  replacement  is  held  to  include  the 
whole  number  of  changes  made  in  addition  to  and  excepting  those  fluc- 
tuation chan/fcs  made  necessary  by  the  increase  or  the  decrease  of  the 
business. 

The  following  table  covers  a  period  of  five  years,  and  is  calculated 
on  the  number  of  exits  as  related  to  average  number  on  the  pa^^r-^" 
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INDICES  OF  LABOR  REPLACEMENT,  1914-15,  BY  MONTHS 

Jan.    Feb.    Mar.      Apr.     May      June    July  Aug.  Sept.     Oct.      Nov.  Dec. 
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LABOR  TURNOVER  PERCENTAGE 

The  following  table  covers  a  period  of  five  years,  and  is  calculated  on  number  of 
exits  as  related  to  average  number  on  the  payroll. 

For  the  whole  period  of  five  years : 

Average  number  on  payroll 61 

Total  number  of  exits   433 

Percentage  of  labor  turnover 710 

For   each   year    1914  1915  1916  1917  1918 

Average  number  on  payroll   28               32               77  69  101 

Total  number  of  exits  26               60               96  65  186 

Percentage  of  labor  turnover    93  187  125  91  184 

For  the  whole  period  of  five  years: 

Death,  accident,  disease,  or  removal  are  commonly  regarded  as  neces- 
sary causes  for  replacement.  To  a  limited  extent  this  is  true,  yet  often 
death  itself  may  be  averted,  accident  prevented,  disease  avoided,  and 
removal  obviated  by  better  methods  of  management  and  administration. 
But  whether  these  factors  play  a  large  or  a  small  part,  whether  they 
may  be  regarded  as  avoidable  or  unavoidable,  is  not  pertinent — because 
every  replacement  due  to  these  or  any  cause  costs  money,  and  as  an 
expense  is  bound  to  be  one  of  the  essential  elements  of  cost.  For  these 
reasons  they  are  included  in  the  index  of  replacement. 

The  common  method  of  estimating  percentage  of  labor  turnover 
upon  exits  or  entrances  alone  is  clearly  fallacious.  It  is  manifestly 
an  absurdity  to  reckon  upon  exits  alone  when  heavy  expense  is  in- 
curred through  hirings,  and  if  as  may  easily  occur  a  week  is  chosen  for 
calculating  the  turnover  percentage  when  the  exits  are  heavy,  as  for 
instance  at  the  closing  of  an  industrial  season,  and  the  labor-turnover 
for  the  year  is  calculated  upon  the  figures  for  that  week,  absurd  con- 
clusions are  reached.  It  may  be  said  that  a  typical  week  or  payroll 
period  is  to  be  selected,  but  who  can  saiy  what  is  a  so-called  typical 
week  in   a  constantly  changing  industry? 

It  is  not  enough  to  be  concerned  with  exits  or  entrances  alone.  Each 
replacement  involves  both  an  exit  and  an  entrance.  A  certain  ex- 
pense is  incurred  in  putting  each  name  on  a  payroll  as  well  as  remov- 
ing each  name  from  the  payroll.     Therefore,  replacemeat  costs  must 
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deal  with  the  whole  cycle  of  employing,  and  include  both  the  person 
coming  and  the  person  going. 

The  foregoing  study  of  replacement  has  been  made  wholly  from 
actual  payrolls  and  with  care,  to  discover  if  possible  a  simple,  prac- 
tical, time-saving,  accurate  method  for  the  industrial  manager  to  ascer- 
tain daily,  weekly,  monthly,  and  yearly,  the  relationship  in  requisite 
changes  to  total  changes  of  personnel  with  the  view  of  quickly  ascer- 
taining data  necessary  to  reduce  costs  and  maintain  a  steady  organiza- 
tion. 

To  fix  responsibility  for  poor  foremanship  or  administrative  short- 
comings in  keeping  a  steady  force,  it  is  necessary  to  determine  the  rela- 
tive replacements  of  different  departments.  By  the  use  of  this  index 
of  replacement  the  spirit  of  emulation  may  be  aroused  in  all  the  de- 
partments of  a  plant  to  maintain  efficient  employment  methods,  very 
much  as  similar  emulation  has  served  to  reduce  the  accident  hazard. 

It  is  believed  that  in  the  index  of  replacement  a  means  of  accuracy 
in  statement  is  reached,  and  in  the  replacement  chart  a  means  of  graphic 
illustration  is  advanced,  both  of  which  through  their  simplicity  and 
accuracy  may  become  of  essential  value  as  means  of  finally  enmeshing 
that  elusive  object  of  our  constant  industrial  search,  the  Cost  of  Labor. 

Cost  of  Labor  Turnover.  E.  H.  Fish,  in  the  March,  1919,  Industrial 
Management,  illustrates  graphically  his  computation  of  the  cost  to  train 
a  new  worker. 

The.  problem  is  to  discover  what  it  cost  the  Blank  Manufacturing 
Company  to  allow  John  Smith  to  leave  and  to  fill  his  place  with  John 
Doe.     It  is  a  simple  case  in  that  only  the  one  attempt  was  necessar^r 
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Fig.  26 — Graphic  Representation  of 
Wages 

to  fill  the  job.  The  wages  paid  to  Doe  are  shown  graphically  in  Fig. 
26.  We  are  neglecting  any  mention  of  the  actual  cost  of  handling  the 
separation  of  Smith  from  the  company,  and  discovering  and  hiring 
Doe.  Each  of  these  operations  on  the  average  costs  a  little  less  than 
a  dollar,  so  may  well  be  neglected,  seeing  that  we  are  by  no  means  sure 
within  many  dollars  of  the  other  costs. 

It  will  be  seen  from  the  chart  that  during  the  time  Doe  was  learning 
to  go  alone  we  paid  him  $49.81  more  at  day  rates  than  he  would  have 
received  if  we  had  paid  him  at  piece  rates  for  the  work  which  he  accom- 
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■plished  well  enough  to  pass  inspection.  This  we  are  sure  is  a  part  of  the 
cost  of  replacing  Smith. 

At  the  time  this  change  took  place  we  found  that  we  made  an  accept- 
able profit  when  our  piece  workers  were  making  40  cts.  per  hr.  The 
only  excuse  for  retaining  men  making  less  than  that  was  that  they 
were  learners  and  could  be  expected  to  make  more  later  on,  so  that 
they  would  repay  us  for  the  loss  in  production.  During  the  time 
before  Doe  reached  the  40-ct.  rate  we  would  have  paid  him  $115.50  beside 
the  $49.81  mentioned  above,  if  he  had  been  a  normal  producer. 

During  all  this  time  our  manufacturing  overhead  was  practically 
$1  an  hour.  From  the  time  he  came  with  us  until  he  passed  the  40-ct.  rate 
of  productivity  the  overhead  charge  totalled  $800  which,  however,  has 
actually  to  be  spread  over  the  $162  of  work  which  he  actually  did,  or 
practically  500%  overhead  against  250%  for  the  average  man.  From 
this  we  conclude  that  one-half  of  this  $800  for  overhead  charges  has 
been  wasted,  and  add  to  the  account  against  the  change,  $400  less 
the  $115.50  which  we  did  not  pay  him  for  services  which  he  might 
have  rendered  but  did  not. 

The  total  cost  for  the  training  period  by  this  method  of  computation 
then  would  be: 

Paid  hour  rate  above  piece  rate  earnings $  49.81 

Excess  overhead  charge  incurred    248.50 

Total  cost    $334.31 

Another  way  in  which  this  may  be  figured,  but  which  seems  to  make 
it  still  more  expensive  to  change  help  is  as  follows: 

Total  wages  paid  Doe  while  reaching  normal  productivity $    211.75 

Overhead  paid  during  that  time  per  man   800.00 

$1,011.75 

Value  of  work  done    $162.00 

Overhead   which   would  have   been   paid   if   it  had   been   done  by 

Doe,    250%    405.00  567.00 

Net  total  cost $    444.75 

Possibly,  however,  the  second  method  is  not  merely  simpler  but  more 
nearly  correct. 

It  has  seemed  to  the  writer  that  it  was  better  to  put  all  the  expenses 
outside  of  actual  training  under  the  general  charge  of  overhead  as  that 
is  where  they  show  in  most  accounting-  systems.  If  we  attempt  to 
pick  out  all  the  items  of  spoiled  work,  damaged  tools  and  machinery, 
additional  expense  for  accidents  and  so  on  we  get  into  a  maze  of  un- 
certainty. Neither  of  the  methods  suggested  above  may  be  the  best 
possible  but  it  seems  that  if  we  wish  to  evaluate  the  work  of  service 
departments  we  must  do  it  on  some  approximate  basis  which  uses  the 
material  offered  by  the  regular  accounting  systems  of  the  factory,  and 
which  can  be  applied  both  to  individual  cases  and  to  department  turn- 
over as  a  whole.  This  case  cited  is  one  where  the  payment  of  piece 
rates  with  an  hourly  rate  during:  part  of  the  learning  time  simplifies 
the  problem  of  earnings,  but  except  in  new  jobs  it  should  be  possible 
under  any  modern  system  of  cost-keeping  to  compare  a  man's  actual 
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earnings  with  those  which  are  average,  or  necessary  to  the  running  of 
the  shop  on  a  fair  profit. 

Chart  Records  for  the  Employment  Department.  The  following  is 
from  an  article  by  Russell  Waldo,  published  in  Machinery,  February, 
1919,  entitled  ''Use  of  Charts  in  the  Employment  Department": — 

Fig.  27  is  shown  merely  as  an  illustration,  but  the  full  set  of  charts 
for  keeping  records  of  the  employment  department  may  consist  of  five 
or  more  similar  to  the  following : 

Chart  1  should  be  similar  to  the  one  shown  in  the  accompanying 
illustration  and  gives  the  number  of  machines  idle,  operating,  and  new 
machines.  The  yellow  line  shows  the  new  machines  added;  the  red 
line,  the  number  of  machines  idle  from  lack  of  operators;  and  the 
green  line,  the  number  of  machines  in  operation.  The  total  number 
of  machines  is  recorded  by  the  black  line. 
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Fig.  27 — Chart  Used  in  Employment 
Department 

Chart  2  shows  the  status  of  employes.  The  full  black  line  represents 
the  total  number  of  men  on  the  payroll  and  the  black  dash  line,  the 
number  of  women.  The  full  yellow  line  shows  the  number  of  men 
sick,  and  the  dash  yellow  line,  the  number  of  women.  The  number 
of  men  present  is  represented  by  a  full  green  line  and  the  number  of 
women  present,  by  a  green  dash  line,  while  the  full  red  line  represents 
the  number  of  men  absent,  and  the  dash  red  line,  the  number  of  women 
absent. 

Chart  3  should  record  the  weekly  labor  conditions.  The  number  of 
employes  discharged  should  be  shown  in  black  lines,  and  the  number 
leaving  voluntarily,  in  red  lines.  Green  lines  should  be  used  to  show 
the  number  of  persons  hired.  In  all  cases  the  full  lines  refer  to  men 
employes  and  dash  lines  to  women  employes. 

Chart  4  should  record  the  work  of  the  employment  department.  It 
should  contain  ^   record  of  the  number   of   men   interviewed,   which 
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should  be  shown  by  a  full  yellow  line.  The  number  of  men  hired  should 
be  shown  with  a  full  green  line,  while  the  number  of  men  needed 
should  be  shown  in  a  full  red  line.  The  same  color  lines  should  be 
used  to  record  the  conditions  in  the  women's  employment  department. 

Chart  5  is  of  importance  in  that  it  shows  the  attitude  of  employes 
toward  their  work,  and  is  more  in  the  nature  of  a  personal  record 
than  any  of  the  other  charts  described.  A  record  of  the  number  of 
employes  receiving  promotion  should  be  shown  upon  this  chart  with 
yellow  lines.  The  number  of  employes  studying  for  promotion  should 
be  shown  with  green  lines,  while  the  number  of  employes  not  studying 
for  promotion  should  be  shown  in  red.  Some  interesting  percentage 
figures  can  be  obtained  by  comparing  the  total  number  of  employes, 
shown  by  a  black  line,  with  the  number  of  employes  studying  for 
promotion  as  shown  by  the  green  line.  While  the  set  of  charts  de- 
scribed forms  a  complete  record  for  the  employment  department,  varia- 
tions can,  of  course,  be  adopted  to  meet  special  requirements. 

Employment  Methods.  In  an  instructive  and  interesting  article  pub- 
lished in  Industrial  Management,  January,  1919,  entitled  "Installing 
Employment  Methods,"  Wm.  A.  Sawyer  presents  some  excellent  sug- 
gestions for  the  use  of  charts,  in  connection  with  the  employment  and 
health  department  of  the  American  Pulley  Company.     Excerpts  follow : 

One  of  the  vital  questions  of  the  day  in  connection  with  industrial 
employment  is  that  of  adequate  compensation.  The  higher  the  wages, 
other  things  being  equal,  the  more  attractive  the  position.  To  some, 
wages  are  the  controlling  factor;  to  others  (and  this  is  particularly 
true  of  the  finer  type  of  worker),  a  place  may  not  be  attractive  even  at 
high  wages,  especially  where  the  surroundings  are  unpleasant  or  where 
there  is  dissension  and  ill  feeling.  Obviously,  some  firms  cannot  pay  as 
high  wages  as  others;  these,  in  order  to  compete  in  the  labor  market, 
must  offer  steady  employment,  good  working  conditions,  and  that  con- 
sideration of  the  individual  which  accords  with  the  more  modern  prac- 
tice. 

The  American  Pulley  Company,  Philadelphia,  Penn.,  employs  be- 
tween 500  and  600  men.  A  concern  making  a  staple  commodity  in  the 
face  of  vigorous  competition,  cannot  pay  such  wages  as  can  be  given 
in  cases  of  emergency.  It  is  difficult  to  keep  pace  with  the  golden 
offerings  of  some  of  our  war  industries,  where  a  man  after  receiving  a 
week's  pay,  feels  his  affluence  to  the  extent  of  taking  a  week's  vacation. 
However,  since  1914  there  has  been  a  general  increase  of  wages  amount- 
ing to  about  70%,  which  is  commensurate,  we  believe,  with  the  in- 
creased cost  of  living.  In  spite  of  the  well  recognized  difficulties  all 
manufacturers  have  encountered  in  the  last  two  or  three  years,  we  have 
been  so  fortunate  as  to  maintain  a  fairly  stable  force.  We  attribute 
this  principally  to  the  fact  that  we  have  been  consistently  trying  to 
make  the  plant  a  comfortable  place  to  work  in ;  to  give  a  square  deal 
individually,  and  to  educate  the  men  to  a  better  viewpoint  of  work  in 
general,  as  well  as  train  each  man  in  his  own  particular  job.  We 
have  tried  to  make  the  contact  between  the  directing  staff  and  each 
man  as  close  and  cordial  as  practicable.  We  hope,  by  special  education 
of  all  those  who  represent  the  management  in  its  contact  with  the 
man,  to  arrive  at  a  general  co-operative  spirit,  so  that  all  hands  will 
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work  together  with  a  feeling  that  suggestions  and  impersonal  criticisnr. 
are  always  welcome. 

We  emplo}'  some  10  or  more  nationalities,  of  which  60%  are  American 
born,  23%  Polish,  8%  British,  4%  Italian,  and  5%  of  mixed  nationali- 
ties.    Although,  as  in  every  such  working  force,  there  are  men  of  all 


Fig.  28 — Chart  of  Absences  by  Month  Fig,  30 — Turnover  by  Departments  for 

One  ]\Ionth 


kinds,  we  feel  that  as  to  proficiency  and  character  our  men  are  con- 
siderably above  the  average.  Married  men  form  75%  of  our  force  j 
10%  have  been  with  us  over  10  years,  and  25%  over  five  years. 

The  Health  and  Employment  Department  was  started  with  a  staff 
of  three  men  on  full  time.  During  the  year  previous,  most  of  the 
directing  staff   of   the   plant    attended   some   of   the   meetings   of   the 
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Fig.  29 — Chart  of  Employees  for  One 
Month 
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Fig.     31 — Chart     Showing    Turnover    in 
Sash  Pulley  Department 


Philadelphia  Association  for  the  Discussion  of  Employment  Problems, 
securing  thereby  to  the  Employment  Department  in  its  beginnings  in- 
telligent co-operation  and  support. 

Formerly   the  general   factory   foreman   did   the    employing   for   all 
departments  except  the  machine  shop,  engineering,  maintenance,  and 
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sash   pulley   departments.     In   each   of   these   new   men   were   selected 
by  the  foreman  in  charge. 

In   preparing   this   paper    on   our   first   year's    experience    we   have 
tried  to  select  such  things  as  may  be  of  real  use  to  others  who  have 
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Fig.    32— Effect    of    Reduction    of    Force 
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Fig.  33 — High  Turnover  in  Machine 
Shops 


begun  or  are  about  to  begin  to  travel  the  same  road.  We  think  it  best 
to  be  quite  frank  in  discussions  of  this  character,  relating  mistakes 
and  failures  as  well  as  successes.  One  cannot  fail  to  be  impressed  at 
meetings  of  scientific  men  by  their  freedom  of  discussions  of  disappoint- 
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Fig.  34 — Chart  Showing  Turnover 
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Fig.  35 — Pickling  Department  and  Stock 
Gangs 


ments  as  well  as  achievements.  I  believe  the  same  spirit  is  pervading 
the  discussions  of  industrial  leaders  with  a  growing  tendency  toward 
mutual  helpfulness. 

The  subjects  which  we  purpose  to  discuss  are : 

1.  Initiation  of  new  men. 

2.  Measures  directed  to  making  men  contented  with  their  jobs. 

3.  Absenteeism  and  home  visiting. 

4.  Dischargings  and  transfers. 

5.  Turnover. 
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6.  Hearing  the  otlier  side  and  why  men  leave. 

7.  Health  supervision. 

Initiation  op  New  Men — ^When  the  preliminaries  of  physical  and 
mental  requirements  have  been  satisfied  .and  an  agreement  has  been 
reached  with  the  man  respecting  his  job,  the  necessary  records  and 
forms  are  filled  out  and  the  man  is  told  to  report  at  the  Employment 
Department  the  next  morning  an  hour  after  the  regular  starting  time; 


'Ktprtstn'h  ISrr.'Tofalfohihe  Year7S.73PerCeni: 
-, Rtprestrrh  1916.  -  Toial  for  fhg  'fear  mgflir  Ctrrf- 


Jon  Feb.  Mor  Apr  May  June  Oul^  Aig  Sept.  Oct.   Hov.  Dec 


Fig.   36 — Chart  Showing  Results  in   the 
Shipping  Room 
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Fig.  38 — Chart  Showing  Why  Men  Leave 


he  is  paid  for  this  hour.  We  think  this  lessens  confusion — both  for 
the  man  and  the  department  to  which  he  goes.  There  is  always  con- 
straint in  a  new  environment  among  new  faces;  we  believe  in  the 
psychological  importance  of  first  impressions. 

The  new  man  is  given  a  locker  and  then  taken  to  the  place  where  he 
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Fig.  37 — Turnover  and  Average  Force 
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Fig.  39 — Causes  of  Dismissal 


is  to  begin  work.  At  first  we  made  an  effort  to  introduce  him  to  his 
foreman,  but  it  appears  that  a  foreman  is  a  hard  man  to  introduce. 
This  is  no  less  true  of  the  average  worker.  We  are  not  satisfied 
with  our  progress  in  finding  the  best  procedure  at  this  point.  Person- 
ally, I  believe  in  a  corps  of  in.structors  and  that  they  should  be  at- 
tached to  or  have  relations  with  the  Employment  Department,  report- 
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ing    periodically    the    progress    of    the    difficulties    of    the    new    man. 

In  the  assembling  room,  where  we  have  the  best  instructors,  an  honest 

effort  is  made  to  watch  each  new-comer  and  to  determine  his  greatest 

usefulness.     When  a  man  is  hired  for  this  department,  he  is  not  selected 
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Fig.  40 — Record  of  Causes  of  Voluntary      Fig.    41 — Effect   of    Systematic   Coopera- 
Leaving  tion 

with  any  one  operation  in  view,  but  chiefly  with  respect  to  his  general 
fitness  and  adaptability.  He  commences  as  a  "knockabout"  worker, 
filling  in  wherever  needed  until  a  vacancy  occurs  in  a  regular  opera- 
tion.    If  he  does  not  succeed  at  one  operation,  he  may  make  good  at 
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Fig.  42 — Effect  of  Special;  Inducement  on     Fig.  43 — Chart  Showing  Accidents  in  the 
Production  Plant 


another.  Should  a  busy  shop  foreman  attempt  to  shift  a  man  from 
one  job  to  another  until  the  one  in  which  the  newcomer  proved  most 
efficient  is  found,  it  would  occupy  a  large  part,  of  his  time  at  the  expense 
of  other  duties. 
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When  the  Employment  Department  was  first  opened,  all  workers 
except  skilled  mechanics  started  at  a  flat  rate  of  26  cts.  an  hr.,  which 
has  since  then  been  increased  to  32  cts.  A  full  week  consists  of  53% 
hrs.,  9%  hrs.  daily,  except  Saturday,  which  is  a  half  day.  On  many 
jobs,  as  in  the  press  and  assembling  rooms,  as  soon  as  a  man  is  able 
to  make  more  than  his  day  rate,  he  goes  automatically  on  piece  work. 
Over  77%  of  the  factory  force  is  on  piece  work  part  or  all  of  the  time. 
Great  care  is  exercised  in  setting  piece-work  rates,  and  once  set  they 
are  never  lowered  unless  conditions  under  which  the  work  is  done 
are  radically  changed.     This  rule  has  obtained  now  for  20  yrs. 

I^Ieasures  Directed  to  Making  Men  Contented  With  Their  Jobs — 
First  of  all,  we  have  an  employees'  service  building.  It  was  erected 
in  1916  for  the  health  and  comfort  of  the  men  in  the  factory.  It  is 
constructed  of  brick  and  concrete  and  is  sanitary  throughout.  It  con- 
tains steel  lockers,  shower  baths,  lavatory,  play  roof  and  solarium.  It 
is  much  appreciated  and  in  constant  use  by  the  men.  Applicants  for 
work  frequently  mention  that  they  have  heard  what  a  splendid  place 
the  men  have,  and  we  surmise  that  it  is  a  factor  in  making  the  plant 
more  attractive  to  those  on  the  outside  as  well  as  to  those  within. 

On  June  1,  1917,  the  management  put  into  effect  entirely  at  the 
expense  of  the  company,  a  group  insurance  plan  offered  by  one  of 
the  standard  insurance  companies,  whereby  every  man,  after  three 
months  of  consecutive  employment  is  presented  with  a  life  insurance 
certificate  for  $250 ;  this  is  increased  to  $500  after  6  months,  and 
goes  on  to  $1,000  after  5  years.  This  appeals  strongly  to  those  having 
dependents. 

At  the  December,  1917,  meeting  of  the  board  of  directors  a  resolution 
was  passed  authorizing  the  sale  of  a  certain  amount  of  the  capital  stock 
of  The  American  Pulley  Company  to  employees  in  good  standing,  who 
had  been  in  the  continuous  service  of  the  company  one  year  prior  to 
that  date.  This  was  sold  at  par  (50).  Not  more  than  20  shares  were 
sold  to  one  person.  Employees  who  had  credits  in  the  reserve  fund 
for  six  3'ears  or  over  were  permitted  to  use  their  accumulations  to  pur- 
chase this  stock. 

We  also  encourage  the  men  to  save,  believing  it  is  a  good  habit  for 
a  man  to  acquire,  and  that  it  reacts  definitely  on  his  energy. 

Last  June  a  plant  paper  was  founded  and  duly  christened  Pulley 
Truth,  its  policy  being  to  develop  plant  spirit  and  enthusiasm,  and 
be  a  means  of  interesting  the  employees  along  certain  lines  such  as 
employment  matters,  health,  safety,  and  the  like.  This  has  proven  a 
worth  while  venture  from  every  point  of  view. 

We  comply  with  the  ** safety  first"  measures  as  required  by  the 
State  and  advised  by  the  National  Safety  Council.  Every  care  has 
been  taken  to  protect  the  workers  and  we  are  convinced  that  the  effort 
and  the  expense  are  well  worth  while — worth  while  not  only  for  the 
sake  of  our  own  reputation  but  also  for  the  efficiency  gained 
through  uninterrupted  labor,  and  last,  but  by  no  means  least,  no  busi- 
ness has  the  right  to  expect,  either  through  negligence  or  indifference, 
that  any  man's  greatest  asset,  his  capacity  for  future  earning,  be  placed 
needlessly  in  jeopardy. 

Absenteeism  and  Home  Visits— What  does  it  profit  if  you  have 
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a  fine,  ivell  trained  force — absent?  The  ''come  and  go"  attendance- 
so  common  to  the  laborer  is  quite  the  logical  thing  in  the  light  of  the 
rest  of  his  hand-to-mouth,  hit-or-miss  way  of  living.  The  laborer  plans 
ahead  but  little,  and  recognizes  few  obligations,  because  he  sees  a  prob- 
lem only  on  its  surface.  If  anything  unusual  occurs  inclining  him 
to  ''stay  out"  and  he  has  enough  in  the  house,  it's  "his  business"  if 
he  forfeits  a  day's  pay.  There  is  a  gap  between  a  sudden  jump  in 
wages  and  the  inevitably  slower  follow  up  of  a  better  plane  of  living, 
in  which  our  man  has  a  tendency  toward  a  feeling  of  affluence. 

The  Management  could  and  should,  through  education,  lend  a  hand 
until  a  readjustment  is  reached.  What  can  we  learn  from  this?  The 
man  is  not  to  blame;  he  is  to  be  taught  and  interested  in  a  new  idea 
of  work  and  relationship.  To  mention  a  few  factors:  You  cannot  teach 
ivithout  confidence.  To  inspire  confidence  in  the  person  taught,  per- 
sistence, reliability,  sympathy  and  acquaintance  are  required.  You 
never  know  much  about  a  man  till  you  see  where  he  hangs  his  hat  and 
until  you  realize  that  back  of  him  there  is  usually  ''her."  The  plant 
is  where  he  works,  but  "Home"  is  where  he  lives,  and  there  you  can 
meet  him  on  a  man-to-man  basis.  There  is  a  definite  value  in  home 
visiting.  Very  often  a  call  would  reveal  illness,  family  troubles  of 
numerous  shades,  or  just  plain  indifference  due  to  laziness,  opportunity 
for  an  outing,  etc.,  and  sometimes  the  "gentleman"  was  found  to  be 
or  to  have  been  "cupped"  (not  medically  speaking).  In  some  instances, 
the  visitor  was  able  to  bring  a  man  back  with  him;  others  reported  for 
work  at  noon  or  the  next  morning,  in  many  cases  saving  much  time 
and,  we  believe,  often  frustrating  a  half  formed  whim  to  "look  around 
.a  bit." 

We  can  state  unreservedly  that  the  home  visits  obviate  much  of  the 
persistent  loss  due  to  absence,  making  it  necessary  to  replace  the  of- 
fender. They  are,  therefore,  worth  while  as  tending  to  reduce  labor 
replacement. 

When  we  make  a  call  and  are  unable  to  see  the  absentee  or  any  of 
his  family,  we  leave  a  printed  slip  which  reads  as  follows: 

Our  records  show  you  to  be  absent  from  work  to-day.  As  we  wish 
to  keep  in  touch  with  all  our  men,  we  have  called  to  see  you.  We 
regret  that  we  did  not  find  you  in.  It  is  to  our  mutual  advantage 
that  you  let  us  hear  from  you  promptly.     Can  we  help  you  in  some  way? 

Friday,  being  pay  day,  absentees  do  not  trouble  us.  Saturday,  "the 
day  after"  and  a  half  day  at  that,  has  the  poorest  attendance,  with 
Monday,  also  in  many  cases  "the  day  after,"  running  a  close  second. 

Discharges  and  Transfers — After  employing  with  care,  every  effort 
is  made  to  give  a  man  unsuccessful  at  one  operation  an  opportunity 
to  see  what  he  can  do  at  another. 

In  fact,  we  have  eliminated  the  word  "discharge"  from  our  plant 
vocabulary  so  far  as  possible,  preferring  the  attitude  expressed  by  the 
word  "release."  We  realize  that  an  unsatisfactory  worker  may  be  an 
unsatisfied  one,  or  one  constitutionally  unfit  in  some  way. 

Turnover  Records — Since  April,  1917,  records  have  been  kept  of 
•departmental  and  plant  turnover,  on  sheets  devised  by  the  Boston  Em- 
ployment Managers'  Association,  though  careful  records  on  other  forms 
liad   been   kept   for  some  time   previous.     We   can   see   by   our   "hind 
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sight"  that  in  using  turnover  forms  it  is  better  to  use  one  sheet  for 
the  record  of  each  small  unit  or  department,  and  that  the  experience 
of  any  plant  can  be  of  more  assistance  to  all  concerned  by  following 
standard  forms,  but  adapting  them  to  a  particular  organization. 

The  Sash  Pulley  Department  employs  mostly  boys  to  the  number  of 
about  50,  and  up  to  21  years  of  age.  The  257.16%  rate  of  turnover 
for  1917  is  by  no  means  satisfactory  to  us,  though  it  is  40.59%  lower 
than  in  1916  (Fig.  31).  In  May  we  rather  suddenly  discovered  that 
the  rates  in  this  department  which  had  originally  been  made  for  younger 
boys,  were  not  satisfactory  to  the  older  ones  then  employed.  The  moun- 
tain peak  on  the  chart  arose  as  the  result  of  the  dissatisfaction  at  this 
time.  The  October  high  mark  is  accounted  for  by  the  reduction  of 
force  (Fig.  32). 

The  assembling  and  bushing  departments  show  a  decided  improvement 
over  last  year  though  the  figures  are  modified  by  the  high  water  mark 
in  April.     For  1916  it  was  224.64%.     For  1917,  166.04%. 

The  machine  shops  (Fig.  33)  show  a  turnover  of  164.22%  as  com- 
pared to  73.42%  in  1916.  This  was  largely  due  to  the  abnormal  de- 
mand for  machinists  and  the  high  wages  to  be  had,  making  these  men 
very  independent. 

The  press  room,  pickling  department,  stock  and  yard  gangs  (Fig.  35) 
were  grouped  together  on  one  sheet  because  of  their  inter-relation.  We- 
now  see  that  had  each  unit  had  a  record  of  its  own  we  could  have  better- 
diagnosed  the  malady.  As  bulked,  these  represent  a  force  of  about 
127  men  and  the  turnover  remained  about  the  same  as  that  of  last  year.. 

The  shipping  room  (Fig.  36)  had  nearly  the  same  experience.  With 
the  introduction  of  piece  work  in  March  the  force  was  reduced  by  11 
men,  the  remaining  force  being  able  to  accomplish  the  same  amount 
of  work  by  means  of  the  added  impetus  of  being  able  to  earn  more 
money. 

The  whole  plant  turnover  for  the  year  1917  was  152.9%,  an  im- 
provement over  the  preceding  year  of  27.4%.  By  eliminating  the  de- 
partments not  served  by  the  Employment  Department,  the  advance 
over  last  year  is  brought  up  to  62.2%. 

Hearing  the  Other  Side  and  Why  Men  Leave — In  attempting 
to  record  why  men  leave  their  jobs,  as  we  did  by  these  same  turnover 
sheets,  it  is  naturally  necessary  to  find  out  from  each  quitter  what 
the  difficulty  with  his  job  may  be,  and  this  means  seeing  and  talking 
with  each  man  as  he  leaves.  To  secure  such  an  interview,  we  have 
proceeded  as  follows : 

Each  Friday  morning,  the  day  the  men  receive  their  weekly  pay 
(three  days  overdue),  the  Employment  Department  sends  a  list  to  the 
paymaster  of  the  men  whom  we  wish  to  see  for  one  reason  or  another. 
When  any  of  these  men  appear  at  the  pay  window  for  their  envelopes, 
they  are  told  to  report  to  the  Employment  Department  for  a  slip 
authorizing  payment  to  them  of  their  wages,  which  is  always  necessar}^ 
in  such  cases. 

We  have  attempted  an  analysis  since  last  April  of  the  reasons  why 
men  leave  and  have  plotted  the  chart  of  Fig.  38. 

Health  Supervision — The  physical  examination  which  we  give  to- 
all  likely  applicants  is  in  no  sense  so  complete  as  that  made  by  insur- 
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ance  companies  or  the  army  or  navy,  but  while  the  man  we  pass  might 
not  be  a  good  policy  risk  or  fighting  man,  we  aim  to  accept  only  good 
working  risks. 

We  believe  that  a  plant  which  examines  physically  soon  establishes 
a  reputation  in  the  community  among  the  workers,  and  that  only  those 
apply  for  work  who  are  reasonably  sure  they  have  nothing  seriously 
wrong.  On  occasions  men  and  boys  have  bolted  from  the  employment 
office  upon  discovering  that  a  physical  examination  was  necessary. 

This  perhaps  explains  why  we  have  not  seen  in  the  past  year  a  single 
case  of  venereal  infection  and  comparatively  few  other  abnormal  con- 
ditions. For  this  and  other  self-evident  reasons,  the  effort  is  worth  all 
that  it  casts. 

Any  move  that  tends  to  bring  together  individuals  in  a  community 
and  to  draw  out  their  co-operative  forces — usually  talent — whatever  the 
immediate  occasion,  develops  a  feeling  of  mutual  responsibility  of  the 
sort  that  is  felt  as  opportunity  rather  than  duty.  Mere  might  cannot 
demand  loyalty  and  steadfastness;  these  are  voluntarily  given  and  must 
be  won.     To  paraphrase : 

''All  who  success  would  win 
Must  share  it — Success  was  born  a  twin." 

Production — Last  year's  production  was  no  greater  than  that  of 
the  year  preceding,  but  one  notable  thing  occurred  which  demonstrated 
conclusively  how  much  can  be  done  with  a  little  co-operation  and  enthu- 
siasm.    (Fig.  41.) 

However,  in  March  of  1917,  with  a  little  urging  and  stimulation  of 
interest  through  a  daily  production  chart  which  we  kept  posted,  pro- 
duction reached  the  height  of  1634.  This  astonished  every  one  and  at 
the  same  time  gave  enough  encouragement  to  warrant  making  a  try  for 
a  still  higher  mark,  so  after  a  little  relaxation  in  April,  due  to  one 
or  two  holidays,  the  men  were  offered  a  full  day  off — June  2 — -if  the 
production  record  of  May  exceeded  that  of  March.  As  you  will  see 
by  Fig.  42,  which  we  kept  posted,  adding  daily,  the  production  soon 
went  above  the  March  record  and  remained  there.  And,  let  it  be 
noted,  that  this  was  accomplished  without  increasing  the  force  by  a 
single  man. 

Fig.  43  gives  an  idea  of  what  a  large  percentage  of  our  accidents  are 
minor  ones,  and  we  believe  it  also  demonstrates  how  safety  first  propa- 
ganda along  proper  lines  will  bring  men  to  the  dispensary  with  the 
simplest  conditions,  thereby,  often  preventing  more  serious  trouble.  In 
many  concerns,  a  record  of  a  large  number  of  minor  injuries  would 
not  be  found,  because  the  employees  are  not  always  taught  to  report 
them. 

Letting"  the  Men  Know  What  They  are  Doing.  In  the  course  of 
an  article  ^'Developing  Pride  and  Interest  in  the  Job,"  published 
in  Factory,  April,  1919,  W.  R.  Bassett  states  that  the  elements  of  bad 
work  are : 

(1)  A  sense  of  economic  insecurity — low  or  high,  unsteady  wages 
and  frequent  firing. 
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(2)  Arbitrary  setting  of  wages  and  imposing  of  penalties  without 

explanations — and  it  makes  little  difference  in  result  whether 
the  arbitrary  actions  are  just  or  unjust. 

(3)  Lack  of  a  standard  of  product. 

(4)  Lack  of  knowledge  of  the  place  and  the  effect  of  the  particular 

operation  in  the  whole  scheme  of  fabrication. 

(5)  Lack  of  knowledge  of  the  cost  of  the  material  which  is  being 

used, 

and  with  respect  to  (5)  Mr.  Bassett  says  the  knowing  of  costs  is  a 
step  in  the  direction  of  becoming  master  of  the  job — that  is  of  the 
machine  and  the  material.  To  quote:  In  comparatively  simple  manu- 
facturing it  may  be  that  the  only  steps  required  for  the  other  opera- 
tions in  the  factory  are  so  few  that  any  worker  knows  his  relation  to 
the  whole.  But  most  manufacturing  has  so  many  and  such  varied 
processes  that  the  individual  worker  does  not  know  what  kind  of  link 
he  is  in  the  long  chain  of  fabrication. 

To  let  him  know  is  a  very  difficult  problem  where  the  subdivision 
of  labor  is  great,  or  where  he  deals  with  forces  rather  than  tools — as 
when  he  uses  heat.  In  every  job  of  that  sort  the  worker  needs  some 
record  of  quality  or  uniformity  which  can  satisfy  the  creaj:ive  spirit 
that  the  work  itself  cannot  satisfy. 

You  will  note  that  I  say  quality  or  uniformity  record;  a  quantity 
record  is  worse  than  useless  because  production  alone  is  not  a  stimulus 
to  good  workmanship  but  is  in  fact  opposed  to  it,  for  it  springs  from 
a  desire  to  make  money  and  not  from  a  desire  to  do  good  work. 

A  concrete  example  of  what  quality  records  mean  is  given  by  R.  B. 
Wolf  out  of  his  experience  in  wood-pulp  paper  making  in  several  fac- 
tories. An  important  operation  is  the  ^'cooking"  of  the  pulp  and  the- 
uniformity  of  the  product  depends  to  a  very  large  degree  upon  the 
** cooking"  control.  The  work  is  monotonous  and  had  formerly  been 
governed  entirely  by  rule  of  thumb. 

Mr.  Wolf  arranged  that  weight  and  moisture  tests  be  taken  fre- 
quently and  the  results  for  each  squad  plotted  and  kept  on  continuous 
exhibition  at  a  point  near  the  machines.     Fig.  44. 

The  men  could  not  see  what  they  were  doing  by  watching  the  machine 
but  the  graph  showed  them  exactly  what  they  were  doing.  In  the  first 
month  taking  the  standard  as  100,  they  averaged  from  71%  to  80%,. 
but  in  less  than  six  months  they  were  hitting  90%  and,  at  the  same 
time,  had  made  a  large  increase  in  the  quantity  of  product. 

The  pulp  of  that  mill  rose  from  a  poor  grade  to  a  special  standard 
of  its  own.  That  increase  in  quality  was  made  without  financial  in- 
centive of  any  kind ;  the  incentive  came  from  the  stimulation  of  the. 
desire  to  do  good  work. 

Fatigue  of  the  Worker.  The  following  is  from  an  article,  ''Time- 
Studies  for  Delay  Allowances  in  Rate  Setting,"  by  Dwight  V.  Merrick,. 
published  in  American  Machinist,  June  21,  1917. 

Studies  on  the  effect  of  fatigue  were  made  by  Dr.  Taylor  soon  after- 
he  had  begun  his  manasrement  work.  These  studies  originally  were 
made  to  determine  the  point  at  which  fatigue  began  to  affect  the  output 
of  the  operator.     They  were  similar  to  that  shown  in  Fig.  4&,,  which 
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represents  a  study  made  recently  to  demonstrate  the  value  of  fatigue 
allowances  to  an  operator  who  was  skeptical  as  to  the  effect  of  fatigue 
on  his  work.  While  this  study  indicates  the  value  of  rest  periods 
in  certain  classes  of  work,  in  the  opinion  of  the  writer  it  is  not  of 
sufficient  scope  to  give  information  for  making  allowances  on  a  broad 
line  of  work.  The  study  illustrated  extended  over  but  two  days  and 
was  on  a  single  operation.  To  be  possible  of  general  use,  it  should 
have  covered  a  wide  range  of  work  with  different  operators  and  ex- 
tended over  many  days  and  under  varying  conditions. 

The  method  followed  in  this  experiment  consists  in  having  the  opera- 
tor work  straight  through  from  starting  time  in  the  morning  until 
noon,  without  any  stops  for  rest.  The  fatigue  incident  to  the  work 
was  compensated  for  by  allowing  him  to  set  his  own  pace  as  he  became 
tired  and  taking  longer  for  each  operation  as  he  desired  and  as  the 
amount  of  fatigue  increased.     The  length  of  time  required  for  each  com- 
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Fig.  44 — Records  of  Results  Before  and 
After  Showing  Man  His  Performance 

plete  production  operation  was  noted  and  recorded  as  the  work  prog- 
ressed, and  later  plotted  as  in  Fig.  45.  After  a  rest  of  one  hour  at 
noon  the  experiment  was  continued  and  carried  forward  to  quitting 
time  at  night. 

It  should  firmly  be  borne  in  mind  that  a  procedure  of  this  character 
— that  is,  working  the  operator  through  the  day  without  any  rest 
except  that  at  noon— is  not  recommended  except  as  an  experiment 
made  to  learn  facts.  In  the  experiments  conducted  under  the  direction 
of  Dr.  Taylor  it  was  early  discovered  that  an  adequate  provision  for 
rest  to  overcome  the  fatigue  incident  to  labor  was  the  governing  factor 
in  promoting  the  efficiency  of  the  workman.  It  was  found  that,  if 
proper  provision  was  not  made  to  overcome  fatigue,  the  output  of  the 
worker  would  drop  and  at  the  end  of  the  day  would  be  seriously  re- 
duced.    On  the  other  hand,  it  was  found  that,  when  an  adequate  number 
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of  rest  periods  of  the  proper  length  were  introduced,  the  workman 
maintained  his  efficiency  and  output  at  the  desired  high  point  through- 
out the  day.  No  greater  misstatement  has  ever  been  published  than 
that  the  work  of  Taj^lor  aimed  at  speeding  a  workman  to  the  point 
where  his  ability  was  sapped  and  his  health  ruined.  The  conservation 
of  the  health  and  therefore  of  the  efficiency  of  the  workman  was  one 
of  the  prime  objects  of  Dr.  Taylor's  investigations. 

The  method  of  making  the  fatigue  study  of  Fig.  45  was  as  follows: 
A  job  comprising  all  handling  time  was  selected,  for  which  a  minimum 
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Fig.  45 — Effect  of  a  Rest  Period  on  the  Time  of  Production 


selected  time  of  slightly  under  0.50  min.  was  fixed  by  time  study.  A 
machine  was  used ;  but  as  it  was  hand  operated,  the  work  falls  in  the 
classification  of  all  handling  time.  Since  the  minimum  selected  time 
is  an  especially  severe  task  and  one  not  expected  to  be  reached  by 
the  average  operator,  the  minimum  selected  time  was  slightly  modified ; 
and  a  task  of  0.5  min.  was  set  as  the  standard  which  was  desired  and 
on  which  the  fatigue  allowance  should  be  based. 

The  dotted  lines  represent  the  performance  of  the  operator  working 
steadily  without  any  artificial  rest  periods.  The  full  line  represents 
the  performance  of  the  worker  on  the  same  kind  of  work  (but  possibly 
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Fig.  46 — Graphic  Record  of  Fatigue  Study  Extending  Over  Several  Days 


of  slightly  more  difficult  character)  on  the  following  day,  with  a  rest 
period  of  2]^  min.  every  half -hour.  The  curves  were  obtained  by 
dividing  the  number  of  pieces  produced  every  half-hour  into  30  min., 
thus  getting  the  average  time  required  per  piece  during  the  period. 
The  points  plotted  represent  the  performance  of  the  half-hour  preced- 
ing the  time  given ;  that  is,  the  record  at  8  :30  shows  the  average  time 
of  production  per  piece  for  the  half-hour  between  8  and  8  :30. 

A  study  of  the  curve  of  performance  without  rest  periods  reveals 
several  interesting  facts,  and  it  is  particularly  interesting  to  note  that 
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any  extra  exertion  after  fatigue  has  begun  to  make  itself  apparent  is 
always  accompanied  by  still  greater,  fatigue  and  coincident  falling  off 
in  efificiency.  This  is  clearly  shown  by  the  record  between  3  o  'clock  and 
4 :  30  in  the   afternoon. 

The  effect  of  the  2i^-min.  rest  period  every  half-hour,  as  shown  by 
the  full  line,  is  so  obvious  as  hardly  to  require  comment.  Not  only 
did  the  time  per  piece  remain  below  the  standard  throughout  the  day,, 
but  it  was  maintained  at  a  steady  rate,  even  improving  as  the  day  wore 
on.  While  the  operator  was  thoroughly  tired  out  at  the  end  of  the 
first  day,  the  effects  of  fatigue  were  hardly  apparent  at  all  on  the 
second  day.  Despite  the  fact  that  40  min.  was  taken  for  rest  and 
that  nearly  30  min.  additional  was  lost,  due  to  machine  breakdown  on 
the  second  day,  the  actual  number  of  pieces  produced  by  the  operator 
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Fig.  47 — Method  of  Making  Fatigue  Curve  from  Production  Study 

was  over  10%   greater  than  the  number  produced  the  previous  day,, 
when  there  were  no  interruptions  for  rest  or  machine  trouble. 

From  a  casual  study  of  the  curves  of  Fig.  45  it  would  seem  that  all 
the  information  needed  regarding  fatigue  allowances  could  be  obtained 
by  a  set  of  studies  of  the  character  described.  This,  however,  is  not 
the  case;  and  another  method  is  used  by  the  writer,  as  will  be  shown 
later.  The  method  just  described  does  give  information  as  to  the  maxi- 
mum rate  of  speed  of  the  worker  and  the  length  of  time  he  could  main- 
tain this  speed;  it  also  indicates  the  point  at  which  the  first  rest  period 
should  be  applied.  In  addition,  it  shows  the  diminution  in  output, 
that  may  be  expected  if  rest  periods  are  not  provided.  What  the  method 
does  not  show,  however,  is  how  long  the  rest  periods  should  be,  how 
often  they  should  be  applied  and  what  relation  they  should  bear  to  the 
character  of  the  work.  If  these  facts  are  known,  allowances  can  be 
predetermined  even  for  jobs  that  have  never  before  been  performed, 
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and  they  will  work  out  in  practice  in  very  close  accordance  with  the 
underlying  theory.  It  is  quite  evident  that  the  determination  of  the 
proper  interval  between,  and  the  length  of,  the  rest  periods  can  only 
be  determined  by  trial  and  error  with  the  methods  illustrated  in  Fig.  45, 
repeating  the  study  over  and  over  again  with  rest  periods  of  varying 
lengths  and  at  different  intervals.  This  is  at  best  a  cumbrous,  expensive 
and  time-consuming  proposition. 

Instead  of  providing  rest  periods,  a  change  in  the  monotony  of  the 
job  may  effect  the  same  result.  In  actual  practice  it  may  prove  un- 
wise from  the  standpoint  of  discipline  actually  to  stop  production  for 
the  purpose  of  providing  forced  rest  periods.  The  same  object  may  be 
accomplished  by  introducing  a  rest  period  under  the  guise  of  a  non- 
productive operation.  Thus,  an  operator  on  a  high-speed  machine  may 
be  required  at  certain  intervals  to  move  his  finished  product  to  a  dif- 
ferent location  or  to  go  some  little  distance  for  his  supply  of  raw  ma- 
terial. The  change  in  the  nature  of  the  work  involved  in  this  procedure 
provides  for  the  muscles  employed  in  the  productive  operations  the 
necessary  relaxation  to  overcome  the  fatigue  produced  by  the  work. 
The  introduction  of  rest  periods  in  this  manner  is  a  matter  for  the  man 
who  prepares  the  instruction  cards,  and  considerable  ingenuity  may  be 
exercised  by  him  in  this  respect. 

In  certain  classes  of  work,  as  the  operation  of  automatic  machinery, 
it  is  often  desirable  to  provide  an  additional  operator  to  each  group  of 
six  to  twelve  workers.  This  operator  takes  the  place  of  each  of  the 
workers  successively,  thus  providing  an  opportunity  for  rest  or  for  at- 
tending to  their  personal  needs  without  stopping  production.  This  ad- 
ditional operator  may  be  the  instructor  or  supervisor  for  the  group. 

Another  method  of  producing  the  necessary  change  in  monotony  is 
interchanging  operators  every  hour  or  two  on  two  machines  doing  dif- 
ferent jobs  of  the  same  general  character  of  work. 

In  the  method  now  used  by  the  writer  all  the  necessary  information 
for  fatigue  and  delay  allowances  can  be  obtained  from  the  production 
studies  that  should  be  carried  on  as  a  part  of  the  time-study  routine. 

Fig.  46  is  a  plotted  record  of  a  production  study  of  several  different 
jobs  of  the  same  character,  extending  over  several  days  The  ordinates 
represent  the  time  of  production  per  piece,  while  the  abscissas  are  the 
time  of  day  at  which  the  successive  pieces  were  completed.  In  plotting 
the  time  of  production,  only  the  net  time  is  used,  avoidable  delays  being 
subtracted.  It  will  be  observed  that  above  the  curve  of  production  there 
are  a  number  of  points  plotted.  These  represent  the  actual  time  of 
production,  and  the  distance  between  them  and  the  corresponding  point 
on  the  curve  represents  the  avoidable  delay  that  has  been  deducted. 
It  will  be  observed  also  that  the  time  of  production  per  piece  has  a 
tendency  to  increase  somewhat  as  time  passes  and  the  end  of  the  day 
approaches. 

One  of  the  earliest  attempts  to  establish  a  scientific  basis  for  fatigue 
allowance  was  the  making  of  a  formula  to  govern  this  feature.  In  one 
of  the  first  shops  to  use  time  study,  data  were  gathered  as  to  the  per- 
centage by  which  the  actual  time  of  performing  jobs  on  the  heavier 
tools  exceeded  the  minimum  selected  time,  and  the  following  allowances 
were  deduced. 
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Type  of  Machine 


Size 


Percentage  to 

Be  Added  to 

Minimum  Time 


Remarks 


Lodge  and   Shipley  lathes.  .24  to  30  in.  35  to  50      On    24-   to    30-in.    lathes,    the 


48  in.  30  allowance     is     35%      when 

120  in.  25  handling  time  is  more  than 

36  in.  35  8     min.     and    the    machine 

30  in.  40  time  double  handling  time ; 

No.  74  Bennse  40  50%  when  handling  time  is 

36  in.  40      •  less    than    8    min.    and    ma- 

chine  time   about   equal   to 
it. 

Similar  data  on  light  tools,  such  as  vertical  drilling  machines,  etc., 
were  incorporated  into  a  formula  by  Carl  G.  Barth,  as  follows: 


Lodge  and  Shipley  lathes. 
Vertical  boring  mills .... 
Vertical  boring  m^Us.  .  .  . 
Vertical  boring  mills .... 
Horizontal  boring  mills , 
Planer     


125 


P  = 


1.20  +  V  :^ 


f  20 


in  which  P  is  the  percentage  by  which  the  minimum  selected  time  is 
to  be  increased  and  T  is  the  minimum  selected  time. 

The  allowances,  as  given  by  the  table  and  formula  above,  while  fairly 
satisfactory  for  the  particular  shop  in  which  they  were  made  at  the  time, 
proved  to  be  inaccurate  when  applied  to  shops  in  different  lines  of  work. 
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Fig.  48 — Comparison  of  the  Early  and  Recent  Fatigue  Curves 

It  was  evident  that  a  broader  method  of  ascertaining  allowances  was 
necessary,  which  could  be  applied  along  more  general  lines. 

A  hypothetical  case  will  be  presented  to  illustrate  the  method  now 
used.  Production  studies  are  made  of  a  series  of  jobs  requiring  various 
lengths  of  time  for  their  completion,  but  in  which  the  percentage  that 
the  handling  time  bears  to  the  total  time  is  carefully  noted  and  separ- 
ated from  the  machine  time,  and  the  total  of  the  handling  time  in  each 
cycle  is  expressed  as  a  percentage  of  the  minimum  selected  time  of  that 
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cycle.  For  example,  if  the  total  minimum  vselected  time  for  a  job  was 
1.06  min.,  made  up  of  a  machine  time  of  0.54  min.  and  a  handling;  time 
of  0.52  min.,  we  might  obtain  the  following  figures  for  handling  time 
in  several  successive  cycles:  0.56,  0.64,  0.67,  0.63,  0.65,  0.68  min.  These 
would  then  be  expressed  as  percentages  of  increas^e  over  the  minimum 
selected  handling  time  of  0.52  min.,  as  26.9,  23.1,  28.8,  21.1,  25.0,  30.7 
per  cent. 

The  percentage  increases  of  the  actual  handling  time  over  the  min- 
imum selected  handling  time  are  plotted  with  percentages  as  ordinates 
and  the  length  of  cycles  in  minutes  as  abscissas.  A  curve  that  will 
represent  the  mean  of  all  the  points  is  then  drawn  through  the  field, 
and  from  it  values  may  be  taken  which  will  be  a  fair  allowance  for  all 
work  with  the  same  percentage  of  handling  time  as  the  jobs  on  which 
the  curve  was  based. 

The  method  of  laying  out  the  curve  is  shown  in  detail  in  Fig.  47, 
which  is  a  hypothetical  case  representing  the  results  of  production 
studies  on  jobs  in  which  the  handling  time  is  50%  of  the  total  time  of 
the  cycle.  The  jobs  have  cycles  varying  from  0.30  min.  up  to  8  min. 
in  length,  and  the  percentages  excess  of  the  actual  handling  time  over 
the  minimum  selected  handling  time  for  the  several  cycles  in  each  of 
the  jobs  is  shown  as  the  plotted  points. 

It  is  usually  convenient  to  determine  the  average  value  of  the  plotted 
points  for  each  length  of  cycle,  as  due  weight  will  then  be  given  to  values 
that  recur  several  times.  If  a  curve  is  simply  struck  through  the  mean 
of  all  the  points,  values  that  recur  several  times  in  the  same  cycle  will 
have  no  greater  weight  than  those  which  occur  but  once. 

The  average  for  each  cycle  is  indicated  by  the  crosses  in  Fig.  47. 
These  are  connected  by  the  straight  lines  that  give  the  rough  cuvYeAA, 
With  this  rough  curve  as  a  guide,  an  even  curve  BB  may  then  be  drawn, 
which  will  approximate  the  average  conditions  and  smooth  out  the 
variations  in  the  first  rough  curve. 

Similar  curves  are  plotted  for  all  the  jobs  with  different  percentages 
of  handling  time,  and  the  shop  is  then  prepared  to  set  tasks  and  fix  al- 
lowances with  a  certainty  that  the  tasks  can  be  accomplished.  The 
final  step  is  to  superimpose  the  curves  for  the  different  percentages  of 
handling  time  and  ascertain  if  they  agree  with  one  another.  If  the 
work  has  been  carefully  done,  it  will  be  found  that  the  several  curves 
are  approximately  parallel  and  that  it  is  possible  to  derive  a  mathe- 
matical formula  to  which  they  will  all  conform.  It  is  usually  advisable, 
where  the  mathematical  ability  is  present,  to  derive  this  formula  and 
to  replot  the  curves  in  accordance  with  it. 

Fig.  48  represents  developments  of  several  classes  of  curves  that 
finally  resulted  in  the  series  shown  in  Fig.  49.  Curve  A,  Fig.  48,  repre- 
sents the  curve  obtained  by  plotting  Barth's  original  formula. 

125 
P=:20-\ 

1.20  +  V  ^ 

This  curve,  based  on  comparatively  few  observations  and  a  limited 
number  of  machine  types,  gave  allowances  far  in  excess  of  those  neces- 
sary for  certain  classes  of  work.     It  was  later  modified  to  curve  B,  which 
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was  used  where  machine  time  and  handling  time  occurred  in  combina- 
tion. It  was  later  found  that  still  more  differentiation  should  be  made 
between  classes  of  work  that  varied  greatly  in  the  percentage  of  hand- 
ling time  involved  in  them,  and  the  curve  representing  the  work  in- 
volving percentages  of  handling  time,  ranging  all  the  way  from  zero 
to  100,  was  plotted  from  observations  on  work  of  the  above  character. 

This  is  the  procedure  that  has  been  adopted  with  the  curves  given 
in  Fij;.  49.  They  represent  the  result  of  thousands  of  actual  studies  in 
many  different  shops,  extending  over  a  long  term  of  years.  It  is  thought 
that  in  the  present  form  they  will  be  more  available  for  use  in  the  ma- 
chine shop. 

The  formula  for  these  curves,  which  was  derived  by  Mr.  Barth,  is 

49.5  _  0.325C 

P  =  20-\ — 

V    (0.376  — 0.00002166)  ^  +  T 

in  which  P  is  the  percentage  allowance,  C  the  percentage  of  handling 
time,  and  T  the  minimum  selected  time. 

The  curves  are  applicable  to  the  average  machine-shop  practice  in 
the  ordinary  well-lighted,  well-ventilated  and  properly  heated  shop.  It 
should  be  emphasized  that  they  may  not  apply  to  other  industries  or 
where  temperature  and  ventilation  conditions  are  such  as  to  tend  to 
the  enervation  of  the  workers.  The  allowances  given  by  the  curves 
are  applicable  to  studies  taken  and  analyzed  according  to  the  methods 
used  by  the  writer,  which  have  been  described  in  previous  articles.  They 
cannot  be  guaranteed  as  applicable  to  studies  taken  and  analyzed  by  any 
other  method. 

In  using  the  curves,  the  particular  curve  is  selected  which  corresponds 
most  nearly  to  the  percentage  of  handling  time  in  the  cycle  on  which 
allowance  is  to  be  made.  Thus,  when  there  is  no  machine  time  involved, 
curve  100,  representing  100%  handling  time,  is  used.  If  the  cycle  rep- 
resented 50%  handling  time  and  50%  machine  time,  then  curve  50  is 
used.  The  percentage  allowance  is  made  upon  the  total  of  the  hand- 
ling time;  that  is,  if  a  job  comprised  3  min.  machine  time  and  2  min. 
handling  time,  the  40%  curve  would  be  used  and  the  intersection  of 
the  2-min.  ordinate  with  this  curve  would  determine  the  allowance  that 
would  be  added  to  the  handling  time  in  making  up  the  instruction 
card.  For  machine  time  with  power  feed  a  flat  allowance  of  5%  is 
added,  and  for  machine  time  with  hand  feed  an  allowance  of  20%  is 
added  to  the  machine  time.  The  method  of  marking  allowances  by 
means  of  curves  derived  from  data  furnished  by  production  studies 
takes  into  consideration  the  delays  to  the  work  due  to  other  consider- 
ations than  fatigue.  It  is  so  obvious  as  hardly  to  require  comment 
that,  even  in  the  most  highly  organized  and  best  managed  shops,  oc- 
currences are  bound  to  take  place  which  will  delay  the  work  more  or 
less.  Some  of  these  are  avoidable,  and  others  are  not,  as  has  been  ex- 
plained in  the  article  on  production  studies.  The  avoidable  delays  are 
eliminated  from  the  record  before  the  percentages  that  are  plotted  as 
in  Fig.  47  are  calculated,  and  only  the  net  productive  time,  the  delay 
due  to  fatigue  and  the  unavoidable  delays  that  in  all  fairness  should 
be  allowed  for  are  taken  into  consideration. 
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Inasmuch  as  the  curves  illustrated  include  other  factors  than  fatigue, 
the  term  ''variation  allowance"  has  been  adopted  as  a  better  expres- 
sion than  the  term  ''fatigue  allowance,"  which  has  been  widely  used. 
Fatigue  does  play  a  large  part  in  slowing  down  certain  classes  of  work, 
particularly  where  the  cycle  is  short,  necessitating  frequent  and  rapid 
movements  on  the  part  of  the  operator,  and  where  the  handling  time 
or  period  of  actual  physical  exertion  on  the  part  of  the  operator  is  a 
large  percentage  of  the  total  cycle.  Its  influence  is  relatively  less  as 
the  length  of  the  cycle  increases  and  the  percentage  of  handling  time 
diminishes.  In  such  cases  the  influence  of  the  unavoidable  delays  may 
be  greater  than  that  of  fatigue.  These  features  are  clearly  shown  by  the 
curves,  in  which  the  allowance  for  the  short  cycles,  where  there  is  little 
opportunity  for  the  operator  to  recover  from  fatigue,  calls  for  higher 
percentage  of  allowance,  while  the  long  cycles,  which  oifer  rest  periods 
in  the  cycles  themselves,  call  for  much  lower  percentages  of  allowance. 

Charts  in  Time  Study  Work.  In  another  article,  "Time  Studies  on 
Automatic  Machines,"  published  in  American  Machinist,  April  12,  1917, 
Mr.  Merrick  gives  a  detailed  explanation  applying  to  time-studies  of 
automatic  press  work,  but  says  that  the  principles  involved  apply  to 
practically  every  class  of  automatic  machinery  and  summarizes  the  pro- 
cedure as  follows: 

1.  Take  a  study  of  one  or  several  machines  of  the  same  character, 
extending  over  several  days,  noting  the  production  at  regular  intervals 
and  recording  the  time  of  the  beginning  and  ending  of  each  interrup- 
tion or  delay,  together  with  a  notation  of  the  nature  of  such  interruption 
or  delay. 

2.  Analyze  the  delays  and  interruptions,  noting  the  number,  total 
and  individual  times  of  each  class  of  delay  for  each  size  of  machine  or 
size  of  work. 

3.  Examine  the  delays  to  ascertain  which  are  avoidable  by  correction 
of  existing  improper  conditions  and  discard  these  from  consideration, 
after  taking  steps  to  have  the  improper  conditions  rectified. 

4.  Plot  the  remaining  delays  to  ascertain  whether  or  not  any  relation 
exists  between  them  and  also  to  ascertain  what  effect  one  character  of 
delay  has  upon  another. 

5.  Subdivide  as  minutely  as  possible  these  delays  and  examine  them 
to  see  if  any  portion  of  them  can  be  avoided.  If  so,  discard  these  items 
from  further  consideration. 

6.  Plot  the  average  time,  in  minutes,  of  each  class  of  delay  and  draw 
a  smooth  curve  that  will  represent  the  average  performance  of  the  group 
of  machines  or  several  sizes  of  work  under  consideration,  and  read  from 
the  curves  the  allowable  time  per  delay. 

7.  Plot  in  a  similar  manner  the  average  number  of  delays  per  day 
for  each  class  and  determine  the  allowable  number  of  delays  per  day. 

8.  Multiply  the  number  of  allowable  delays  per  day  by  the  time  per 
delay,  to  ascertain  the  total  length  of  each  class  of  delay  per  day. 

9.  Determine  the  required  production  per  day  by  means  of  the  for- 
mula, 

Q 

Production  = (M  —  125H  —W  —  P) 

1.05 
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10.  Divide  the  production  per  day  by  the  number  of  delays  per  day 
of  each  class  (as  found  in  7),  and  divide  the  quotient  into  the  allowable 
time  per  delay  (as  found  in  6),  to  prorate  the  total  delay  to  the  in- 
dividual piece. 

11.  Ascertain  the  machine  time  per  piece  by  dividing  the  total  pro- 
duction per  day  into  the  number  of  minutes  in  the  working  day. 

12.  Add  the  machine  time  per  piece  to  the  total  of  all  the  delays  per 
piece,  and  add  to  the  sum  an  allowance  of  5%  of  the  machine  time 
per  piece  and  25%  of  the  sum  of  all  the  delays  per  piece. 


Q38 
Caliber  of  Shell,  Inch 

Fig.  50 — Graphic  Representation  of  Time 
Lost  in  Heading-Press  Operation 

13.  Add  to  the  sum  obtained  in  (12)  the  prorata  allowance  per  piece 
for  the  various  personal  necessities  and  washing. 

14.  Divide  the  sum  obtained  in  (13)  into  60  to  find  the  hourly  pro- 
duction required. 

15.  Fix  base  rates  and  task  for  daily  or  hourly  production. 
Fig.  50  illustrates  (4),  and  Mr.  Merrick  says, 

Plotting  the  delays  is  an  excellent  method  of  studying  the  relation 
that  the  several  delays  in  the  different  sizes  of  work  bear  to  each  other. 
The  curves  reveal  some  valuable  facts:  (1)  There  is  an  evident  relation 
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between  the  punch,  die  and  hunter  trouble  and  the  size  of  the  work,  the 
trouble  being  less  serious  with  the  larger  sizes.  (2)  There  is  no  ap- 
parent relation  between  the  size  of  the  work  and  the  adjustment  of  the 
machine  or  the  feed  trouble.  (3)  There  is  apparently  a  very  definite 
relation  between  the  time  lost  due  to  feed  trouble  and  the  time  lost  in 
adjusting  the  machine.  (4)  On  account  of  the  steep  slope  of  the  curves 
it  is  evidently  impossible  to  select  a  factor  for  delays  that  will  apply 
to  all  sizes  of  shells  alike,  but  it  will  be  necessary  to  select  different 
factors  for  each  class  of  work. 
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Fig.  51 — Graphical  Analysis  of  Necessary 
Delays 

The  fact  that  the  delay  due  to  feed  trouble  is  irregular  in  character 
indicates  that  it  is  due  to  conditions  that  are  not  inherent  in  the  manu- 
facturing ]?rocess,  and  that  they,  therefore,  probably  are  subject  to  cor- 
rection which  would  eliminate  this  source  of  delay  altogether.  As  a 
matter  of  fact,  an  investigation  of  the  equipment  after  the  time  study 
had  indicated  the  irregularity  of  the  feed  revealed  that  the  feed  pipes 
through  which  the  shells  were  fed  to  the  presses  from  the  magazines  were 
too  small  and  clogged  easily.  The  substitution  of  larger  feed  pipes 
removed  practically  all  trouble  from  this  source  and  automatically 
eliminated  this  particular  item  of  delay.  With  respect  to  the  apportion- 
ment of  delays,  he  states  that  in  the  case  of  a  series  of  studies  on  a 
single  type  of  machine  it  is  probably  safe  to  take  the  average  value, 
both  of  the  number  of  changes  and  of  the  minutes  required  per  change, 
and  to  use  this  average  as  a  base,  upon  which  allowances  for  delay, 
fatigue,  etc.,  are  figured. 

Where  several  machines  are  involved,  however,  or  several  sizes  of 
work,  it  is  often  profitable  to  plot  curves  from  the  results  obtained  from 
the  time  studies  and  from  these  curves  select  more  or  less  arbitrary 
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values  for  the  delays  which  are  permissible  for  the  various  sizes  of  work 
and  the  several  sizes  of  machine.  Fig.  51  shows  the  plotting  of  one 
such  set  of  curves  in  regard  to  changing  of  punches.  Points  37  and  38 
represent  the  average  time  per  change  as  determined  by  two  separate 
studies  on  0.32  caliber  shells;  31  and  32  represent  similar  points  for 
0.38  caliber  shells,  while  33,  24,  25  and  36  represent  the  average  times 
for  changes  for  0.44  caliber  shells,  as  determined  by  a  corresponding 
number  of  studies.  Points  100,  101  and  102  represent  respectively  the 
mean  of  the  several  plotted  points  for  0.32,  0.38  and  0.44  caliber  shells. 
A  curve  drawn  from  these  three  points  will,  it  is  recognized,  be  quite 
flat,  and  a  straight-line  approximation  of  it  would  probably  be  suffi- 
ciently correct  for  all  practical  purposes.  Accordingly,  a  straight  line 
has  been  drawn  through  it  in  such  a  position  as  to  divide  the  error 
equally  on  either  side  of  it.  Values  selected  for  the  delay  allowances 
for  changing  punches  are  the  points  of  intersection  EKQ  of  the  straight 
line  with  the  ordinates  representing  the  several  sizes  of  shell.  Were 
there  intermediate  sizes  other  than  the  three,  the  given  delay  allowance 
taken  from  this  straight  line  would  be  sufficiently  correct  for  the  setting 
of  tasks. 

Similarly,  the  curve  FLB  is  laid  out  to  give  the  average  number  of 
changes  of  the  punch  per  day.  Approximate  curves  are  drawn  in  the 
same  manner  to  obtain  values  for  all  of  the  necessary  and  allowable 
delays — namely,  die  and  hunter  trouble  and  machine  adjustment. 

Labor  Output.  In  the  following,  from  an  article,  ''Negroes  a  Source 
of  Industrial  Labor,"  by  D.  T.  Famham,  published  August,  1918,  in 
Industrial  Management,  it  is  shown  how  charts  may  be  used  to  compare 
the  output  of  different  kinds  of  labor  and  of  the  same  kind  under  dif- 
ferent conditions.  Fig.  52  gives  a  comparison  of  labor  turnover  by 
races,  but  Mr.  Farnham  remarks  that  while  the  percentage  of  absentees 
among  negroes  is  about  twice  that  of  Americans  and  40%  greater  than 
among  Italians,  there  are  some  of  them  who  work  steadily,  hard  and 
loyally  .as  any  white  man. 

Labor  turnover  among  the  unskilled  is  about  50%  greater  among 
negroes  than  among  the  whites.  This  can  be  reduced  by  selecting  your 
negroes,  but  certain  other  considerations  are  very  important.  The 
negro  is  fond  of  family  life  and  is  much  more  likely  to  remain  if  he  can 
rent  a  house  near  the  plant  and  move  in  his  women  folks  and  the  various 
pets  which  seem  necessary  to  his  existence.  He  prefers  to  live  near 
the  plant  because  he  enjoys  a  family  party  at  the  noon  hour  and,  where 
circumstances  permit,  he  appreciates  an  opportunity  to  acquire  the  va- 
rious back-door  perquisites  such  as  kindling  wood  and  the  like  which 
residence  close  to  the  factory  makes  convenient. 

Another  foible  of  his  is  the  desire  for  frequent  pay.  One  public 
utility  company  in  a  middle  western  city  took  advantage  of  this  last 
summer  and  secured  sufficient  men  to  do  considerable  grading  at  $1.75 
per  day  as  against  current  rates  of  $2.25  per  day,  by  paying  off  every 
evening.  I  would  not  advise  any  such  procedure  on  manufacturing 
work,  however,  as  the  men  so  secured  are  of  the  most  shiftless  and 
transitory  class  and  cannot  be  depended  upon  to  remain,  even  while 
they  are  learning  their  job. 

Fig.  53  shows  the  premium  earned  by  two  colored  crews  on  semi- 
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skilled  work  as  compared  with  the  average  premium  earned  by  four 
Southern  European  crews  and  by  a  mixed  crew.  It  will  be  noted  that 
the  first  half  of  the  year  the  negro  crews  earned  no  premium.  In  fact 
they  not  only  earned  no  premium  during  the  second  quarter  of  the 
year,  but  they  took  so  long  to  perform  their  task  that  the  departmental 
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Fig.  52 — Comparison  of  Labor  Turnover      Fig.    53 — ^Comparison    of    Negro,    Italian 
by  Races  and  Mixed  Crews  on  Same  Work 


production  was  seriously  menaced  at  times.  Their  first  premium  earn- 
ings in  July  were  very  small  and  incidentally  very  spasmodic  and  dis- 
couraging both  to  the  men  and  to  the  foremen  who  were  trying  to  beg 
and  belabor  them  into  premium  earning  speed.  In  October  construc- 
tive supervision  began  and  from  then  on  the  improvement  in  earnings 
is  much  more  encouraging.     There  were  occasional  set-backs  due  more 
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than  anything  else  to  negro  leaders  becoming  slack  and  having  to  be 
replaced,  but  the  progress  is,  on  the  whole,  steady.  The  work  of  the 
mixed  crews  is  surprising.  It  began  to  earn  premiums  almost  at  the 
start  and,  while  given  to  violent  fluctuation  at  times,  finally  closety 
approximated  the  earnings  of  the  Southern  Europeans.     The  chart  is 
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of  further  interest  in  that  it  shows  how  the  introduction  of  scientific 
planning  during  the  second  quarter  of  the  year  increased  the  average 
premium  earned  from  31  to  nearly  70%  in  excess  of  the  day  rate  simply 
by  making  it  possible  for  the  crews  to  ''let  themselves  out." 

Fig.   54  shows  the   results  obtained   by   an   experienced   overseer  of 
negro  labor  during  his  first  attempts  to  get  his  crews  on  the  piece  rates. 
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rig.     56— What     the     Third     Foreman      Fig.  57— Results  Obtained  by  the  Fourth 
Accomplished  Foreman 

It  will  be  noted  that  the  first  trial  resulted  in  day  rate  being  earned. 
The  second  trial  was  a  failure.  At  the  third  trial  they  really  got  their 
teeth  in  and  from  then  on  earned  almost  double  the  amount  secured 
on  the  first  attempts. 

Fig.  55  shows  the  first  attempts  made  by  a  foreman  of  unusual  in- 
telligence and  initiative  but  inexperienced  with  negro  labor.  The  prem- 
ium earned  was  less  but  perseverance  and  resource  resulted  in  the  crews 
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earning  enough  to  keep  them  contented  and  to  prevent  the  company 
losing  them. 

Fig.  56  shows  the  result  obtained  by  a  third  foreman  who  did  not 
propose  to  be  left  behind  in  the  race  for  getting  the  negroes  to  respond 
to  piece  rates.  He  studied  the  methods  of  the  experienced  overseer 
and  applied  them  very  successfully. 

Fig.  57  shows  what  an  Irish  boss  could  do  when  he  set  his  mind  to  it. 
It  is  apparent  that  he  made  his  mistakes,  but  he  kept  everlastingly  at  it 
and  jollied  and  bluffed  his  crews  into  doing  very  well  for  themselves. 
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Figs.  58  and  59  show  what  may  be  done  by  means  of  deliberate  sea- 
sonal replacement.  The  racial  tendencies  of  different  classes  of  labor 
have  so  far  been  insufficiently  studied  in  America. 

In  the  spring  the  negro  is  willing  to  move  north.  In  the  autumn 
he  goes  south  for  the  cotton  picking,  which  begins  in  October.  He  does 
not  like  the  northern  winter  and  even  if  he  sticks  it  out  through  Nov- 
ember he  generally  cannot  stand  the  idea  of  missing  the  Southern  Christ- 
mas. 

As  the  Italian  takes  the  road  in  the  Spring  the  negro  can  be  induced 
to  fill  his  place,  and  when  in  the  Autumn  the  negro  goes  south  for  the 
cotton  picking  and  Christmas  possum  the  Italian  can  be  encouraged  to 
''dig  in"  for  the  winter. 

Fig.  58  shows  the  deliberate  replacement  in  one  plant  of  Italians  by 
negroes  in  the  Spring,  and  the  replacement  of  negroes  by  Italians  again 
in  the  Fall.  It  will  be  noted  that  the  Americans  on  the  most  skilled 
operations  remained  close  to  25%  of  the  working  force  while  the  negroes 
increased  from  33%  in  January  to  57%  in  August  and  decreased  to 
35%  in  October  and  to  30%  in  December.  The  curve  which  represents 
the  Italians  began  the  year  at  about  40%,  fell  off  to  25%  in  the  summer 
and  rose  again  to  45%  in  the  Autumn.  It  will  be  noted  that  through- 
out the  seasonal  fluctuations  a  nucleus  of  each  race  amounting  to  at 
least  20%  of  the  working  force  was  retained. 

The  result  of  the  adoption  of  this  deliberate  policy  of  seasonal  racial 
replacement  is  shown  by  Fig.  59.  In  fact  it  may  be  more  accurate  to 
state  that  the  1916  turnover  curve  was  one  of  the  most  moving  reasons 
for  the  adoption  of  the  replacement  policy.  It  will  be  observed  that 
the  1916  turnover,  figured  each  month  in  terms  of  annual  turnover,  be- 
gan the  year  at  about  300%.  As  soon  as  railroad  work  opened  in 
March  it  jumped  to  over  700%  where  it  remained  until  the  most  neces- 
sary reconstruction  work  was  accomplished,  dropping  down  to  about 
500%  in  June  and  July.  In  August  construction  work  was  rushed  in 
order  to  get  ready  for  the  winter  and  the  turnover  went  up  to  900%. 
By  December  the  turnover  was  shown  about  to  normal. 

Conditions  at  the  beginning  of  1917  were  even  worse  than  they  had 
been  the  year  before  on  account  of  the  greater  general  labor  shortage 
throughout  the  country.  January  began  with  500%.  March  reached 
800%.  It  was,  therefore,  decided  to  enedavor  to  avoid  the  conditions 
of  the  previous  year  by  using  negroes  to  fill  the  gaps  in  the  working 
force.  The  balance  of  the  curve  tells  the  story.  By  August  the  turn- 
over had  dropped  to  530%  as  compared  with  900%  the  year  before. 
By  September  it  was  down  to  400%  and  in  October  it  was  below  that 
of  any  month  for  two  years.N  The  Italians  came  back  in  the  Fall.  The 
negroes  went  south.  One  replaced  the  other  almost  without  friction 
and  the  plant's  output  increased  steadily. 

Bonus  and  Piecework  Rates.  Charts  may  be  used  to  great  advan- 
tage in  laying  out  bonus  and  piece-rate  curves,  not  only  for  figuring 
what  amounts  shall  be  paid  but  also  as  an  aid  in  determining  a  uniform 
and  consistent  rate  of  payment. 

Fig.  60  is  from  an  article  by  C.  E.  Knoeppel,  ''The  Bonus  Plan  of 
Wage  Payments,"  published  in  Engineering  Magazine,  November,  1914. 
Mr.  Knoeppel  says:  Fig.  60  will  show  the  bonus  curve  used  and  ad- 
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vocated  by  me.  The  heavy  curved  line  is  the  bonus  line  starting  at 
67%  efficiency,  which  means  the  workman  is  expected  to  attain  two- 
thirds  of  a  fair  standard  before  he  begins  to  earn  anything  additional 
in  bonus.  In  other  words,  the  man  can  take  50%  more  time  than 
that  called  for  by  the  standard,  for  which  he  receives  day  wages  only. 
Any  reduction  in  time  under  this  50%  margin  would  be  accompanied 
by  a  proportionate  amount  of  bonus. 

The  bonus  line  is  divided  into  three  sections,  A,  B  and  C.  Men  of 
low  efficiency  do  not  become  men  of  high  efficiency  over-night.  They 
sometimes  feel  that  they  cannot  attain  the  standard  determined  upon. 
The  aim  is  therefore  to  induce  the  men  to  work  up  the  "A"  incline  from 
67%  to  85%  efficiency.  They  then  have  the  incline  "B"  ahead  of 
them,  with  promise  of  additional  earnings  if  they  get  into  this  class. 
Men  are  not  satisfied  with  standing  still,  nor  do  they  want  to  be  con- 
sidered as  low-efficiency  men.  Finally  when  men  are  well  along  to- 
wards the  100%  mark  they  are  attracted  by  the  additional  5%  prem- 
ium for  qualifying  as  100%  men.     A  bonus  of  20%  plus  5%  premium 
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Fig.  60 — Bonus  Curves 


seems  worth  the  additional  effort  to  the  man  who  is  within  3%  or  4% 
of  the  goal. 

For  comparative  purposes  the  Emerson  curve  has  been  shown  by  a 
dotted  line  where  it  varies  from  the  curve  recommended.  The  extra 
amount  indicated  by  the  shaded  zone  1  is  to  warrant  men,  who  might 
otherwise  become  discouraged  in  making  the  effbrt  necessary,  in  attempt- 
ing the  attainment  of  efficiencies  greater  than  67%,  and  the  amount 
measured  by  the  shaded  zone  2  is  a  premium  for  those  who  average  100% 
of  the  standards  or  better. 

In  one  case  the  client  complained  because  bonus  did  not  appeal  to 
the  workers  as  it  had  on  the  start.  The  20%  in  bonus  for  100% 
efficiency  did  not  seem  to  justify  the  effort,  and  as  a  result  workers  were 
content  to  earn  from  5%  to  15%.  When  the  bonus  plan  was  first  con- 
sidered in  this  case,  the  engineer  urged  the  additional  premium  of  5% 
for  100%  workers,  as  a  means  o£  eliminating  this  very  tendency.  The 
basic  theory  was  that  5%  in  one  lump  would  attract  the  worker  who 
might  otherwise  be  satisfied  with  an  ordinary  bonus.  The  client  could 
not  see  it.  Who  was  to  blame  for  the  ultimate  condition,  the  engineer 
or  the  client? 
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The  chart  in  question  shows  a  third  line  (dot  and  dash)  which  may 
I)e  interesting  to  the  student  of  bonus  plans.  The  claim  has  been  made 
that  because  the  Emerson  and  Knoeppel  bonus  lines  mean  slightly  de- 
<;reasing  costs  per  piece,  they  are  unfair  to  the  workmen ;  that  the  rate 
per  piece  should  remain  constant  as  in  the  straight  piece  work  plan. 
Bonus  paid  on  the  basis  of  the  ''X"  line  does  this,  and  its  comparison 
with  the  other  two  lines  will  be  found  interesting. 

]\Ir.  Knoeppel,  at  some  length,  interestingly  and  thoroughly  develops 
his  various  principles  for  bonus  payment  and  says: 

The  matter  of  an  intelligent  and  comprehensive  control  of  the  entire 
work  is  most  important.  To  take  care  of  this  feature  properly  a  num- 
ber of  charts  can  be  used  to  decided  advantage. 

Fig.  61  is  a  record  of  the  bonus  earned  per  man  per  period.  I  was 
once  bitterly  accused  of  being  too  anxious  for  the  men  to  earn  bonus. 
/  am.     When  men  earn  bonus  it  means  that  efficiency,  and  therefore 
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production,  is  higher  than  if  they  were  earning  no  bonus.  It  is  a 
good  plan  to  know  what  the  standard  earnings  should  be,  which  on  the 
chart  are  shown  by  a  dotted  line.  The  actual  bonus  earnings  come 
vrithin  20  cts.  of  the  standard  in  period  ending  6/2'8.  The  chart  shows 
a  healthy  condition  in  that  bonus  earnings  per  man  show  a  steady  in- 
crease. 

In  order  to  keep  in  close  touch  with  the  progress  of  bonus  men,  the 
chart  shown  in  Fig.  62  is  suggested.     Two  things  are  essential — 

(1)  There  should  be  a  steady  increase  in  the  number  of  men  put  on 
bonus. 

(2)  Those  on  bonus  should  have  as  much  of  their  time  covered  by 
schedules  as  is  possible. 

On  the  chart  the  heavy  line  shows  ratio  of  the  time  of  bonus  .men  on 
schedules  to  the  total  time  they  work,  while  the  dotted  line  shows  the 
ratio  of  time  of  bonus  men  on  schedules  to  the  time  of  all  men  in  the 
department  or  plant.  Take  the  period  ending  5/24  for  example;  more 
men  were  put  on  bonus,  but  the  time  on  schedules  was  less  than  in  the 
previous  period.  The  dotted  line  for  period  5/31  shows  a  falling  off 
in  the  number  of  men  on  bonus,  although  those  who  were  on  worked 
on  them  65%  of  their  time.     The  heavy  line  for  period  4/26  and  5/3 
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shows  such  decided  drops  as  to  warrant  rigid  investigation.  Both  lines, 
however,  show  an  upward  tendency,  which  is,  of  course,  encouraging. 
The  ' ' ineflficienc}'  chart,"  Fig.  63,  is  decidedly  necessary.  My  claim 
is  and  has  been  that  inefficiency  is  the  element  to  analyze,  for  we  in- 
crease efficiency  only  through  eliminating  inefficiency.  Further,  the  in- 
efficiency of  management  should  be  shown  as  distinct  from  that  of  the 
men.  If  this  is  not  done  there  can  be  no  true  conception  of  what  is 
at  fault  and  who  to  blame.  This  is  accomplished  by  adding  the  allow- 
ances to  the  actual  hours,  after  the  man-efficiency  for  a  department 
has  been  determined,  and  dividing  the  same  figure  for  standard  hours 
that  was  used  in  figuring  the  man  efficiency,  by  the  increased  divisor  in 
the  form  of  actual  hours.  The  full  line,  or  man  inefficiency,  shows  a 
constant  decrease  although  in  period  5/10  it  increased  noticeably.  This 
increase  might  be  due  to  putting  new  men  on  bonus,  or  old  bonus  men 
on  new  work,  or  other  causes,  like  cutting  a  rate  or  arousing  the  op- 
position of  the  men.     From  period  4/26  both  inefficiency  of  manage- 
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Fig.  64 — Number  of  Men  at  Various 
Efficiencies 


ment  and  men  increased  after  several  periods  of  decreases.  Then 
comes  the  sudden  drop  in  both  for  period  5/17.  The  significant  fact 
in  connection  is  that  following  the  period  5/17  the  man  inefficiency 
decreased  while  the  inefficiency  of  the  management  took  two  upward 
spurts.  Further  the  lines  show  that  the  men  are  making  faster  pro- 
gress in  eliminating  their  inefficiency  than  the  management,  the  moral 
of  which  is — *'get  after  the  management.^* 

Fig.  64  is  important  in  showing  the  number  of  men  at  classified  effi- 
ciencies. For  the  period  in  question  the  chart  shows  that  127  men  at- 
tained efficiencies  varying  from  71%  to  100%,  while  in  the  previous 
period  only  116  men  attained  these  efficiencies.  At  the  same  time  the 
general  showing  for  the  previous  period  is  better  than  for  this  period, 
in  that  there  were  less  men  showing  efficiencies  from  51%  to  90%  and 
more  men  from  91%  to  110%.  The  value  of  the  chart  lies  in  the  ability 
to  concentrate  attention  on  the  men  showing  efficiencies  of  80%  and 
under,  and  ascertaining  what  interferes  with  their  attaining  greater 
efficiencies.  Further,  this  chart  is  especially  valuable  in  connection  with 
Fig.  62  showing  relative  times.  The  work  of  getting  more  men  on 
schedules,  keeping  those  who  are  thus  employed  on  schedules  for  the 
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greatest  part  of  their  time,  and  getting  the  men  showing  one  class  of 
efficiency  into  the  next  higher,  can  he  planned  from  these  two  charts. 

To  assist  further  in  the  work  of  eliminating  inefficiency  a  sheet  shoulJ 
be  prepared  covering  the  efficiency  of  the  workers  for  a  period  and 
posted  in  a  place  where  it  can  easily  be  seen,  Fig.  65. 

Piecework  Rates.  The  following  is  from  an  article  by  Otto  M. 
Burkhardt,  published  in  American  Machinist,  August  29,  1918,  entitled 
** Determining  of  Piecework  Rates  from  Charts." 

In  an  able  speech  before  the  British  House  of  Commons  Dr.  Christo- 
pher Addison,  head  of  the  Ministry  of  Munitions,  refers  to  piecework 
rates  as  follows:  ''Nothing  in  the  relations  between  capital  and  labor 
gives  rise  to  more  difficulties  and  distrust  than  two  customs  which  are 
dependent  upon  one  another.     The  first  is  the  cutting  of  rates  of  pay  on 
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Fig.    65 — Graphic    Efficiency    Record 

piecework  so  as  to  limit  the  rise  of  earnings  when  improved  methods 
of  manufacture  leading  to  greater  output  are  introduced.  It  is  not 
the  practice  of  the  best  employers,  but  it  is  adopted  by  many.  This 
practice,  or  the  fear  of  it,  has  inevitably  led  to  the  second  and  retaliatory 
practice  of  the  restriction  of  output.  The  influence  of  these  two  prac- 
tices in  our  industrial  life  is  thoroughly  poisonous." 

The  importance  of  the  above-named  problem  warrants  the  closest 
consideration.  The  Pierce-Arrow  Motor  Car  Co.,  of  Buffalo,  N.  Y.,  for 
instance,  for  many  years  has  observed  the  rule  that  the  only  condition 
under  which  the  rates  of  piecework  can  be  changed  is  by  the  entire 
change  in  the  mode  of  manufacture.  In  this  concern  all  piecework 
rates  are  determined  by  one  supervisor  who  follows  certain  fixed  rules. 

First,  obtain  the  actual  time  per  cycle  of  operation  in  minutes.  Let 
this  be  represented  by  ^. 

Second,  select  the  base  rate  pertaining  to  the  machine  on  which  ther 
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operation  is  performed.  This  may  be  denoted  by  B.  The  above  two- 
factors  determine  the  theoretical  minimum  piece-rate  price  P.  Mathe- 
matically this  may  be  expressed  as  follows: 

B 

P  =  t-  •  (1) 

60 

We  have,  however,  further  to  consider  unavoidable  losses  of  time  in- 
cident to  all. operations,  as,  for  instance,  the  time  necessary  to  change 
tools.  In  order  to  compensate  for  these  losses  a  definite  amount  must 
be  added  to  the  piece-rate  price  obtained  with  the  equation  1.  Let  us. 
suppose  the  operator  is  losing  h  hours  per  10-hour  workday.  It  is  evi- 
dent then  that  his  time  available  for  doing  piecewofk  may  be  represented 
10— h 

by  the  fraction  t^  = 1.     In  order  now  to  include  the  monetary 

10 
compensation  for  the  lost  time  in  the  piece-rate  price  we  shall  have  to- 
arrange  our  equation  so  that  the  operator  may  earn  in  the  time  t,  as 
much  as  obtained  from  equation  1  for  the  time  t.  This  suggests  the 
following  equation  for  determining  the  new  piece-rate  price  which  we 
shall  denote  with  P  j.     It  is : 

10  — h 
P  = P, 

10 

10 

Hence:  P  ^  = P  (2) 

10  — h 

This  equation  may  be  resolved  to  read: 

h 

P,  =  P  +  P (3) 

10  — h 

After  substituting  for  P  the  value  given  in  equation  1,  we  obtain 

B  h  B 

P,=t-  + Xt—  (4) 

60        10  — h         60 

The  first  item  of  the  aggregate  at  the  right-hand  side  of  our  equations 
represents  the  amount  of  money  which  the  operator  should  be  paid  per 
piece  for  performing  a  certain  operation;  the  second  item  of  the  same 
aggregate  represents  the  necessary  compensation  per  piece  for  time 
losses. 

To  stimulate  production  it  is  necessary  to  add  to  the  first  item  a  cer- 
tain incentive,  say,  for  instance,  10%.     The  introduction  of  this  consid- 

B 
eration  expands  this  item  so  that  it  reads  1.1  X  ^  —  .     Substituting  this 

60 
in  equation  4  we  obtain 
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B  h  B 

P,  =  l.lXt  —  ^ X^—  (5) 

60       10  —  h         60 

It  should  be  noted  that  no  incentive  is  provided  in  the  item  which  is 
introduced  to  compensate  for  changing  tools.  This  method  has  been 
found  most  satisfactory  in  many  concerns. 

This  equation  for  different  values  of  t,  B  and  h,  is  graphically  repre- 
sented on  charts,  one  for  work  requiring  0  to  30  sec,  one  for  work  re- 
quiring 30  to  90  sec,  and  so  on  up  to  30  to  90  mins. 

To  determine  piece-rate  prices  from  the  charts  we  proceed  as  fol- 
lows: 

Select  the  base  rate  from  the  horizontal  axis  marked  Base  Rate.  From 
this  figure  follow  vertically  upward  until  you  intersect  the  radial  line 
which  represents  the  time  per  cycle  of  operation.  From  this  intersec- 
tion follow  horizontally  to  the  left  until  intersection  with  the  last  radial 
line  in  this  quadrant.  Vertically  above  this  intersection  read  the  value 
of  the  first  item  of  the  aggregate  at  the  right-hand  side  of  equation  5. 
This  value  represents  the  piece-rate  price  for  all  operations  which  involve 
no  time  losses.  However,  if  tool  changes  and  other  delays  are  involved 
we  continue  to  the  left  from  the  intersection  with  the  last  radial  line 
until  intersection  with  the  radial  line  which  represents  in  hours  and 
minutes  the  time  lost  through  tool  changing  per  10-hour  workday.  Vert- 
ically below  this  intersection  read  the  amount  which  must  be  added  to 
the  previously  obtained  piece-rate.  The  sum  of  both  is  the  aggregate 
piece  rate,  including  10%  incentive  for  all  productive  work  and  an 
allowance,  derived  from  the  base  rate,  which  is  necessary  to  compensate 
for  tool  changing. 

We  may  now  select  a  numerical  example: 

22 
f  =  22  seconds  =  —  minutes. 
60 

B  =  32 

40 
h  =  40  minutes  =  —  hour  per  10-hour  day. 
60 

On  Fig.  66  select  32  at  horizontal  axis  marked  Base  Rate.  Follow 
the  vertical  line  upward  until  intersection  with  radial  line  marked  22, 
which  represents  the  chosen  time  per  cycle  of  operation.  Follow  hor- 
izontally to  the  left  until  intersection  with  the  last  radial  line.  Vert- 
ically above  this  intersection  read  21.5.  Now  continue  from  the  inter- 
section with  the  last  radial  line  to  the  left  until  intersection  with  the 
radial  line  marked  40,  which  represents  the  time  required  for  changing 
tools.  Vertically  below  this  intersection  read  1.4.  Add  both  values 
obtained,  which  gives  21.5  +  1.4  =  22.9  cts.  per  100  pieces  or  0.229  cts. 
per  one  piece. 

Now  in  order  to  check  our  charts  with  equation  5  we  shall  first  sim- 
plify this  equation.    We  may  write  this: 


ORGANIZATION  AND  MANAGEMENT 


153 


B 

60 


h 


1.1 


(6) 


10  — ^_ 
If  we  substitute  in  this  the  above  chosen  values  we  obtain 


22       32 

P,  =  -X- 
60       60 


1.1  + 


10  — 


40^, 


Prom  this  follows  P  ^  =  0.229  ct.  per  piece  or  22.9  cts.  per  100  pieces. 
This  shows  that  the  chart  is  correct  within  the  third  place. 

Bonus  Record  and  Progress.  After  bonus  systems  have  been  in- 
stalled it  is  generally  desired  to  keep  a  record  of  individuals  or  groups 
so  that  the  progress  of  the  new  methods  may  be  observed.  One  chart 
for  this  purpose  is  shown  in  Fig.  67.  This  and  the  following  remarks 
pertaining  to  it  are  abstracted  from  an  article  by  Walter  N.  Polakov, 
'' Mastering  Power  Production"  published  in  Industrial  Management, 
July,   1918.     The  bonus  record  chart,   Fig.   67   shows  the   progress  in 
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Fig.  67 — Chart  Showing  Bonus  Record  and  Progress  After  Starting  Task  Work 

starting  on  task  work  with  bonus  in  a  boiler  house  of  a  public  utility 
plant,  showing  remarkably  quick  progress  in  learning,  especially  con- 
sidering that  most  of  the  firemen  had  no  previous  experience. 

Employees'  Benefits.  Charts  are  a  great  help  in  explaining  the 
methods  and  features  of  various  employees'  benefits,  such  as  insurance, 
pensions,  loan  funds,  etc.  A  typical  example  is  Fig.  68,  which,  with 
the  following  explanation,  is  taken  from  The  Aiitomohile,  April  5,  1917. 
There  are  other  benefits  not  mentioned  here,  this  being  taken  merely 
to  show  the  figure. 

Joint  payment  by  manufacturer  and  worker  is  the  feature  of  the 
Fell  plan,  which  provides  for  old  age  and  other  times  of  need.  The 
joint-payment  factor  makes  continuance  of  relations  between  the  manu- 
facturer and  the  worker  essential  to  the  working  out  of  the  plan,  so 
that  the  system  is  in  essence  turnover  insurance  with  the  granting  of 
pensions,  death,  accident,  and  sickness  features  as  a  by-product. 

Preliminary  to  the  paying  in  of  any  funds,  an  association  is  formed 


154 


HOW  TO  MAKE  AND  USE  GRAPHIC  CHARTS 


in  the  factory  composed  entirely  of  employees.  The  membership  is  di- 
vided into  departments,  each  department  selecting  its  own  local  secre- 
tary. The  local  secretaries  select  the  board  of  directors  for  the  insuring 
system,  and  the  directors  appoint  such  standing  committees  as  may 
be  required.  This  type  of  organization  is  adopted  to  put  the  control 
of  the  plan  in  the  hands  of  the  employees. 

Each  worker  pays  a  flat  rate  of  5%  of  his  wages  into  the  insurance 
fund.  The  employer  contributes  to  the  same  fund  on  a  graduated  scale 
which  hinges  upon  the  length  of  time  the  employee  has  been  with  the 
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Fig.  68 — Showing  Working  of  Fell  plan 
When  Employee  Enters  at  20,  Wages 
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company.  The  man  who  is  a  new  employee  pays  a  larger  amount  than 
the  manufacturer,  but  the  converse  becomes  the  case  as  the  term  of 
service  lengthens.  The  worker  is  paid  for  his  investment  by  the  va- 
rious insurance  privileges  to  be  described,  and  the  manufacturer  by  the 
saving  of  waste  in  changing  the  personnel  of  the  force. 

The  men  are  divided  into  5-year  groups.  The  employer  pays  into  the 
fund  1%  of  the  wages  of  those  who  have  been  with  the  company  less 
than  5  years,  2%  in  the  ca.se  of  those  who  have  been  employed  from  5 
to  10  years,  and  so  on.     The  following  table  shows  the  schedule: 
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Years'  service  of  employee:  1-5     5         10       15       20       25       30       35       40 

Percentage     of     employee's      wages 

paid   into   insurance   fund  by  the 

company  1%     2%     3%     4%     5%     6%      7%     8%     9% 

Inasmuch  as  the  employer  has  no  actual  cash  claims  on  the  fund  and 
derives  therefore  no  direct  financial  benefit,  his  payments  from  the  first 
year  represent  20%  interest  on  the  total  invested,  and  constantly  in- 
crease. A  large  number  of  employee's  privileges  can  therefore  be  paid 
for  under  this  system. 

The  easiest  way  to  see  how  the  plan  works  is  to  take  a  typical  case. 
A  young  man  starts  work  with  a  company  when  he  is  20  years  old.  He 
gets  $18  a  week,  and  retires  at  65  years  of  age.  Without  figuring  that 
the  young  man  might  get  a  raise  during  45  years  of  service,  his  financial 
situation  from  time  to  time  is  as  follows: 

He  will  have  paid  in  $234  at  the  end  of  the  fifth  year.  For  this  he 
gets:  1 — A  life  insurance  policy  for  $2,217  during  the  period.  2 — The 
right  to  borrow  $168  in  case  of  sickness  at  the  end  of  the  fifth  year. 
3 — A  surrender  value  of  his  contract  of  $126. 

At  the  end  of  20  years  the  privileges  are  proportionately  much 
greater,  due  to  the  compound  interest  which  the  money  may  have  earned 
and  the  graduated  scale  of  payments  for  the  employer.  The  young  man 
at  the  age  of  40  then  has  paid  in  $936. 

He  is  carrying  a  life  insurance  policy  worth  $2,977,  can  borrow  in 
case  of  sickness  $1,268,  or  surrender  the  contract  for  $1,008  cash. 

When  this  employee  has  reached  the  age  of  65  he  can  retire  from 
active  service  with  a  pension  of  $677  a  year  for  the  rest  of  his  life,  and 
if  he  should  die  before  he  had  received  the  pension  for  10  years  it  will 
nevertheless  be  paid  until  a  10-year  period  has  elapsed  to  his  estate.  In 
lieu  of  a  pension  he  may  have  a  paid-up  insurance  policy  of  $7,341,  and 
may  withdraw  this  sum  if  he  so  desires. 

Accident  Prevention.  Every  industrial  plant  which  professes  to 
have  the  welfare  of  its  employees  at  heart  has  some  sort  of  safety  work 
in  progress.     In  this  connection  charts  are  a  very  helpful  asset. 

The  following,  from  an  article  by  D.  E.  Charlton,  ''Utilization  of 
Mine-Accident  Reports,"  published  in  Engineering  and  Mining  Journal, 
November  30,  1918,  presents  some  interesting  charts  and  shows  what 
may  be  done  in  this  line. 

The  standardization  of  mine-accident  statistics  has  frequently  been 
discussed,  and  through  the  excellent  work  of  the  Bureau  of  Mines  most 
mining  companies  have  followed  a  general  form  in  the  classification  of 
accidents.  Compensation  laws  of  various  states  have  made  it  com- 
pulsory that  records  of  casualties  be  carefully  kept,  and  mining  com- 
panies in  general  have  adhered  to  some  plan  or  other  which  has  enabled 
the  public  to  know  the  manner  in  which  their  operations  have  been  con- 
ducted and  what  efforts  they  have  made  toward  providing  safe  working 
conditions  for  their  men. 

Filling  out  accident  reports  involves  considerable  labor,  regardless  of 
whether  the  information  is  secured  in  a  careful  or  a  careless  fashion, 
but,  assuming  that  average  care  is  used  in  compiling  an  accident  re- 
port, it  is  certain  that  the  information  could  be  used  to  more  advantage 
than  as  a  mere  history  of  a  specific  accident,  and  that  a  careful  analysis 
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of  the  data  secured  would  show  that  a  number  of  reports,  covering  va- 
rious accidents  and  carefully  compiled,  would  constitute  a  basis  for  sys- 
tematic accident  prevention. 

There  is  no  doubt  whatever  that  accident  prevention  pays,  and  that 
its  cost  must  necessarily  be  a  part  of  the  total  operating  expense,  and 
the  same  care  and  study  should  be  applied  to  the  curtailment  of  ac- 
cident cost  as  to  economy  in  other  branches  of  mine  operation. 

A  careful  study  of  a  standard  accident  report  will  disclose  latent 
possibilities.  To  many  operators,  a  complexity  of  statistics  is  an  ab- 
horrence, and  doubtless  an  overdoing  in  this  direction  will  lead  to  in- 
difference, but,  with  discretion,  there  is  no  reason  why  carefully  pre- 
pared data  cannot  be  classified  in  such  a  way  as  to  be  of  great  value  to 
the  mine  manager  and  to  those  intrusted  with  the  safetj^  of  the  men. 

The  modern  idea  of  having  professional  medical  attendance  for  all 
accidents,  no  matter  how  trivial,  is  generally  accepted,  as  good  policy. 
not  only  because  it  insures  a  complete  understanding  of  the  nature  of 
the  injury,  but  for  the  additional  reason  that  it  often  prevents  develop- 
ments which  may  result  seriously.  Further,  it  offers  an  excellent  med- 
ium for  the  collection  of  accurate  data,  as  most  of  the  information  re- 
quired can  be  secured  at  the  time  of  the  injury.  All  accidents  should 
be  reported,  regardless  of  the  extent  of  injury,  for,  unless  this  is  done, 
certain  occurrences  which  appear  trivial  may  go  unrecorded,  frequently 
developing  complications  long  after  there  is  apparent  reason  to  look 
for  them,  and  because  lack  of  continuity  in  the  records  will  be  an  ob- 
stacle to  the  institution  of  a  safety  campaign. 

A  further  argument  in  favor  of  carefully  kept  statistics  is  the 
psychological  effect  upon  the  men.  No  conscientious  miner  is  content 
merely  to  blast  his  holes  and  then  maintain  indifference  as  to  the  man- 
ner in  which  the  round  has  broken.  He  usually  finds  out  what  the 
results  are,  and  not  infrequently  determines  his  plans  for  the  next  round 
or  for  future  work  by  the  manner  of  breaking.  Assuming  that  safety 
and  accident  prevention  have  been  given  prominence,  the  men  will  natur- 
ally show  interest  in  the  progress  which  is  being  made,  and  the  mine 
safety  bulletin  board  may  be  supplemented  to  excellent  advantage  by 
the  posting  of  plats  and  charts  showing  the  progress  or  retardation. 

Fig.  69  shows  a  ''relative  hazard"  chart,  based  on  the  number  of 
serious  accidents  which  occurred  during  a  two-year  period,  and  con- 
siders only  the  occupations  which  were  affected  by  those  accidents.  In 
preparing  the  chart,  the  total  number  of  men  in  each  occupation  was 
used  in  comparison  with  the  number  injured  in  that  occupation.  Tlie 
graph  represents  the  number  of  times  greater  or  less  than  their  pro- 
portion of  employment  that  the  men  in  each  division  were  injured.  In 
view  of  the  fact  that  a  comparatively  short  period  is  represented,  and 
that  the  number  of  accidents  is  small,  the  graph  cannot  be  said  to  be 
representative  or  conclusive,  but  nevertheless  it  is  an  argument  for  the 
continuance  of  accident  statistics,  as  each  additional  year  will  show  a 
better  average  of  the  figures  represented. 

The  time,  place  and  cause  of  accident  are  subjects  that  should  re- 
ceive special  study,  not  only  in  the  individual  case  but  as  covering  a 
number  of  accidents  as  well.  Fig.  70  represents  the  hours  at  which 
accidents  occur  and  is  based  on  a  three-year  period.     It  may  be  men- 
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tioned,  however,  that  the  results  obtained  in  a  graph  of  this  sort  may  be 
scattered  unless  some  attempt  is  made  at  a  separation  of  the  two  and 
three-shift  basis.  That  the  graph  maintains  such  continuity  is  ac- 
counted for  by  the  fact  that  the  ratio  of  the  two-shift  to  the  three-shift 
phase  remains  fairly  constant  during  the  three-year  period  and  that 
the  relation  of  the  underground  accidents  to  those  occurring  on  the  sur- 
face was  approximately  the  same.  Fig.  71  shows  another  method  of 
comparing  accidents,  and  the  varying  percentages  of  different  depart- 
ments are  expressed.  Only  a  one-year  period  is  considered,  and  the 
percentage  is  based  on  the  total  number  of  accidents  occurring.  The 
mechanical  causes,  as  found  in  the  answers  to  question  13  of  the  re- 
port, expressed  in  a  chart  similar  to  the  one  used  in  Fig.  71,  are  shown 
in  Fig.  72. 

It  has  been  my  experience  that  the  answers  to  the  questions  in  the 
group  relating  to  ''safety"  are  subject  to  doubt  as  to  their  reliability, 
because  not  infrequently  too  much  personal  opinion  is  likely  to  be  re- 
corded. The  report  is  usually  made  out  by  a  foreman,  a  shift  boss  or 
a  timekeeper,  and  though  the  intention,  in  making  the  report,  may  be 
good,  judgment  is  sometimes  made  in  haste  and  without  taking  account 
of  all  the  circumstances  involved.  However,  this  part  of  the  report  may 
be  changed,  if  necessary,  in  making  up  the  figures  to  show  comparative 
results  in  this  group. 

It  may  not  be  amiss  at  this  time  to  emphasize  an  important  factor  that 
is  worth  consideration  in  accident  prevention.  That  is  the  interpreta- 
tion of  the  division  which  it  is  possible  to  make  between  ''preventable" 
and  "unpreventable"  accidents.  This  is  a  matter  which  is  dependent 
largely  on  the  degree  of  thoroughness  with  which  accidents  and  their 
causes  are  studied.  If  it  be  to  natural  occurrences,  or  preventable, 
there  is  then  afforded  a  tangible  basis  on  which  to  build  up  the  manner 
of  prevention,  whereas  if  all  accidents  be  attributed  to  "hazards  of  the 
industry,"  and  are  assumed  to  be  unpreventable,  further  research,  fre- 
quently of  value,  will  be  discouraged.  Each  accident  should  be  made 
a  special  object  of  study,  and  a  practical  method  of  preventing  its  re- 
currence should  be  suggested  and  put  into  application.  Several  com- 
panies have  adopted  the  practice  of  making  a  periodical  examination  of 
all  accident  reports,  preparing  a  record  of  their  conclusions  and  carry- 
ing out  the  suggestions  made.  This  policy,  supplemented  b}^  other  pre- 
ventive methods,  has  attained  excellent  results  in  cutting  down  the  num- 
ber of  accidents. 

The  value  of  the  diagram  presented  in  Fig.  73  may  be  questioned, 
but  the  figures  show  comparatives,  and  the  representation  is  such  as  to 
draw  attention  on  the  mine  bulletin  board.  In  this  figure  the  percent- 
ages of  accidents  are  presented  as  to  their  distribution  in  various  parts 
of  the  body  and  represent  the  comparison  of  injuries  for  two  years,  the 
information  being  secured  from  a  compilation  of  the  answers  given  to 
question  25  of  the  report. 

Figs.  74  and  75  were  plotted  from  calculated  percentages  based  on 
accidents  and  the  number  of  men  employed.  In  Fig.  74,  all  accidents 
were  considered,  whereas  in  Fig.  75  only  those  which  entailed  the  loss 
of  time.  The  percentages  shown  in  Fig.  76  were  computed  on  periods 
of  lost  time  which  resulted  from  accidents,  and,  necessarily,  only  those 
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involving  loss  of  time  were  set  down.  The  total  percentage  for  any  one 
year,  as  expressed  in  the  graph,  will  equal  the  percentage  represented 
by  the  lost-time  accidents  as  compared  to  all  accidents  which  occurred 
during  that  year.  The  mine  report  does  not  provide  for  a  statement 
of  the  time  lost  on  each  accident,  but  this  is  always  kept  as  a  supple- 
mentary record,  and  should  be  available. 

Fatigue  and  Accidents.  Mary  L.  Morris,  in  connection  with  her  ar- 
ticle "Beginnings  of  Labor  Maintenance  Service  in  a  Small  Plant," 
published  in  Industrial  Managemeni,  September,  1918,  shows  two  in- 
teresting charts  Figs.  77  and  78,  and  says:  "The  charts  made  from  our 
weekly  accident  sheet,  which  we  keep  daily,  show  how  the  fatigue  ele- 
ment operates  to  bring  about  more  accidents  at  the  end  of  the  week 
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77 — Average  Number   of   Accidents 
Per  Day  for  20  Weeks 
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Fig.  78 — Percentage  of  Total  Number  of 
Accidents  on  Each  Day  of  the  Week, 
September  1,  1917-January  18,  1918 


than  at  the  beginning.  Saturday  being  a  half  holiday  in  the  plant  ac- 
counts for  the  lower  point  on  that  day,  but  were  the  corresponding  five 
afternoon  hours  worked  as  on  the  other  days,  the  resulting  point  would 
be  higher  than  on  any  other  day." 

Wages  vs.  Cost  of  Living^.  Frequently  investigations  are  made  re- 
lative to  the  cost  of  living  of  employees* in  an  industrial  community. 
The  object  is  to  find  out  whether  wages  should  be  increased  proportion- 
ately. The  graphical  chart  shows  the  relative  comparison  better  than 
any  other  method.  As  an  example  Figs.  79  and  80  are  taken  from  an 
article,  "How  to  Determine  Cost  of  Living  in  an  Industrial  Commun- 
ity," by  R.  M.  Hudson,  published  in  Industrial  Management,  Septem- 
ber, 1918. 

Output.  The  following  is  from  an  article  by  J.  B.  Conway,  "An 
Accumulative  Graphic  Record,"  published  February  6,  1919,  in  The 
American  Machinist. 

Several  years  ago  I  w^as  industrial  manager  for  a  well-known  gas-en- 
gine manufacturer,  and  after  certain  changes  in  the  method  of  produc- 
tion had  been  made  I  found  it  necessary  to  devise  a  chart  for  record- 
ing the  weekly  output  of  certain  departments.  Prior  to  this  a  daily 
record  was  maintained,  which  was  totaled  at  the  end  of  the  week.    While 
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this  served  its  purpose  in  a  measure  it  did  not  portray  a  vivid  record 
for  comparison,  and  after  several  weeks  of  continuous  entries  the  ex- 
ecutives were  compelled  to  work  over  a  maze  of  figures  in  order  to  com- 
pare one  week  with  the  next. 
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Fig.    70 — Chart   Showing  Trend   of   Cost 
of  Living 
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Fig.   80 — Increase  of  Living  Costs  by 
Percentages 


To  grasp  quickly  the  essential  facts  the  chart,  Fig.  81,  was  used  with 
the  exception  of  the  several  colors  employed  in  the  original.  Along  the 
left-hand  margin  is  given  in  figures  the  required  monthly  output  of 


Fig.    81 — Graphic-Record   Chart 

units,  which  was  3,300  in  this  instance.  Each  square  represents  lOO 
units,  reading  from  bottom  to  top.  The  weekly  periods  are  shown  at 
the  top  of  the  chart.  Heavy  vertical  lines  divide  the  weekly  periods 
into  periods  of  four  weeks. 
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The  monthly  schedule  is  also  shown  by  a  ''curve"  representing  the 
normal  weekly  output  expected.  The  actual  weekly  output  is  shown  for 
the  month  by  the  line  beneath.  It  will  be  readily  seen  how  any  deviation 
from  the  normal-output  curve  is  brought  into  prominence  when  com- 
pared, in  this  manner.  In  the  first  month  the  output  was  only  2,098, 
or  a  decrease  of  1,102  from  the  normal,  which  was  8,200.  To  the  fore- 
man or  superintendent  responsible  for  getting  production  the  figures 
3,200,  2,098  and  1,102  do  not  have  the  same  significance  that  the  gap 
shown  on  the  chart  between  the  two  curves  has,  and  they  are  not  so 
readily  comprehended. 

Across  the  lower  margin  is  entered  in  figures  the  actual  number  of 
units  manufactured  per  week,  the  first  week  producing  426,  the  second 
541,  and  so  on.  These  figures  not  only  amplify  but  verify  the  points 
on  the  curve  for  the  weekly  output.  The  curve  marked  "Weekly  Out- 
put" is  for  convenience  in  comparing  one  week's  output  with  another, 
and  was  found  useful  as  an  object  lesson  in  talking  over  the  results  of 
the  past  week  with  the  foremen  who  were  more  able  to  appreciate  the 
fluctuations  in  the  curve  than  the  difference  in  the  totals.  This  state- 
ment in  no  way  casts  reflections  on  the  ability  or  intelligence  of  the 
foremen.  If  the  reader  has  any  misgivings  he  should  himself  make  a 
few  comparisons  numerically. 

The  two  curves  at  the  bottom  of  the  chart  indicate  the  expected  out- 
put per  week  for  a  period  of  two  months  and  the  actual  output  per 
week  compared  graphically.  The  scale  for  these  curves  is  shown  at 
the  right-hand  side  of  the  chart  extending  from  0  to  6400,  each  square 
representing  800  units.  Attention  is  called  to  the  use  of  figures  again 
to  verify  the  points  on  the  curve,  which  for  the  first  month  are  2098 
and  for  the  second  month  4572,  the  latter  being  the  accumulated  total, 
or  the  sum  of  the  first  and  second  month's  output.  The  first  figure 
checks  that  represented  by  the  curve  showing  the  actual  output  per 
month  and  the  latter  is  the  sum  of  2098  and  2474. 

It  will  be  noticed  that  a  considerable  gain  was  made  during  the 
second  month  over  that  preceding  and  is  readily  recognized  by  the 
wide  divergence  of  the  two  curves  for  the  first  month  and  the  greater 
parallelism  of  the  two  for  the  second  month.  This  is  seen  at  a 
glance  in  making  a  comparison,  even  though  no  figures  were  avail- 
able. 

The  curve  starting  with  the  end  of  the  first  month  and  making  its 
path  across  the  chart  is  the  "Monthly  Average,"  which  is  the  sum  of 
the  output  for  the  two  months  divided  by  the  number  of  months.  This, 
like  the  weekly  output  curve,  serves  as  a  comparison  of  one  month's 
work  with  another.  When  carried  for  only  two  months  as  shown  the 
curve  does  not  show  up  to  its  best  advantage,  but  it  must  be  borne  in 
mind  that  this  entire  chart  carried  a  record  for  a  six  months '  output  and 
at  the  end  of  12  months  the  two  six-months'  charts  were  fastened  to- 
gether, thereby  giving  a  complete  and  comprehensive  record  for  the 
year.  In  this  respect  the  average  monthly  curve  was  an  important  fac- 
tor of  the  chart. 

The  underlying  principles  of  the  chart  may  be  employed  to  advant- 
age for  recording  the  units  of  production  of  almost  any  article,  the 
only  changes  necessary  being  the  dates  and  the  substitution  of  the  name 
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of  the  article,  if  desired,  for  that  of  the  ''units"  on  the  left,  and  the 
quantity  required. 

Reducing  "Time  Out."  The  following  article  by  this  title,  together 
with  Fig.  82,  by  Rudolph  Appel,  was  published  in  Factory,  Septem- 
ber, 1917 :  ' 

The  presses  of  a  large  printing  establishment  had  a  capacity  of  9,500 
impressions  per  day.  The  daily  average  for  a  half  month,  however, 
was  only  4,500  per  day.  This  loss  of  52.6%  in  the  possible  production 
was  too  great  to  pass  by  unnoticed. 

The  manager  endeavored  to  find  the  source  of  this  loss  by  a  close 
stud.v  of  the  time  cards.  The  cards  for  the  first  two  or  three  days  of 
the  month  were  very  easy  to  compare,  but  by  the  time  the  sixth  or 


Fig.  82— Reducing  Time  Out 

seventh  card  was  reached  they  began  to  look  alike.  So  many  items 
were  involved  that  it  became  a  hopeless  jumble.  One  of  these  cards  filled 
out  for  the  first  day  of  the  month  is  shown  in  Fig.  82. 

Finally  the  manager  decided  to  chart  these  cards  for  each  press  and 
in  this  way  see  if  he  could  locate  the  source  of  the  loss. 

Four  keys  as  shown  were  chosen  to  emphasize  the  different  opera- 
tions— running,  waiting:,  make  ready  and  idle.  When  the  time  cards 
were  plotted  the  waiting  time  showed  up  particularly  strong  as  the 
source  of  a  large  proportion  of  the  loss.  The  first  question  asked  was, 
"Why  all  this  waiting  time?"  Investigation  disclosed  that  a  large 
portion  of  it  was  due  to  the  slowness  in  returning  the  0.  K.'d  proofs 
to  the  press  room. 

Up  to  this  time  it  had  been  known  that  there  was  an  inevitable  loss 
of  time  on  this  operation  but  until  this  picture  showed  up  the  loss 
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so  plainly  it  had  been  very  difficult  to  speed  up  this  0.  K.-ing  process. 
After  this  was  so  emphasized  the  percentage  of  time  lost  in  0.  K.-ing 
proofs  was  reduced  by  9%.  At  the  same  time  daily  impressions  increased 
to  such  an  extent  that  a  great  proportion  of  the  overtime  previously 
considered  necessary  was  eliminated.  The  make  ready  and  running 
times,  however,  were  not  changed  to  any  marked  extent.  These,  how- 
ever, were  production  operations  and  of  course  would  not  be  emphasized 
in  a  chart  of  this  sort.  . 

During  the  month,  on  the  second,  tenth  and  fourteenth  considerable 
idle  time  is  shown  by  the  chart  due  to  the  power  being  cut  off  by  severe 
storms.  This  one  point  would  be  shown  up  on  that  day's  time  card  and 
then  forgotten  about.  The  graph,  however,  makes  this  so  clear  that  it 
can  be  noticed  almost  at  a  glance  and  taken  into  consideration  when 
making  a  comparison. 

After  this  chart  had  been  in  operation  for  some  time,  the  firm  was 
able  to  take  on  considerable  extra  work  which  previously  had  been 
refused  because  it  would  necessitate  overtime.  With  the  additional  cost 
due  to  overtime  they  could  not  compete  with  other  firms  at  a  profit. 

A  plan  of  this  sort  may  be  used  for  charting  the  operation  of  prac- 
tically any  machine.  For  instance,  a  punch  press  goes  through  prac- 
tically the  same  cycle  of  operations  although  the  waiting  time  for  in- 
spection is  not  likely  to  be  so  long  as  was  the  case  at  this  printing 
establishment.  There  may  be  a  waiting  time  for  material  or  a  waiting 
time  for  the  die-setter  which  would,  of  course,  be  emphasized  in  a  chart 
like  this. 

Truck  Performance.  Figs.  83  and  84,  together  with  the  following 
descriptions,  are  from  an  article  "Charting  Motor  Truck  Performance," 
published  in  Textile  World  Journal,  June  1,  1918. 
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Fig.  84 — Records  from  which  Fig.  83  is  Made 


One  of  the  easiest  methods  of  checking  up  on  the  care  which  drivers 
give  their  trucks  and  of  comparing  the  care  given  by  different  drivers 
of  a  large  fleet  of  trucks  is  by  charting  the  mileage  and  the  gasoline 
and  oil  consumptions.  A  simple  method  of  charting  these  records 
worked  out  by  the  superintendent  of  motor  truck  equipment  of  a  large 
concern,  was  given  in  a  recent  number  of  The  Commercial  Vehicle. 

The  method  followed  is  shown  in  the  two  charts  at  Fig.  83  which 
represent  the  records  of  trucks  Nos.  3  and  4  for  a  month.  The  large 
figures  at  the  top  of  the  chart  represent  the  truck  numbers,  while  the 
smaller  figures  on  the  cross-sectional  paper  read  for  the  days  of  the 
month  in  a  horizontal  direction  and  for  the  three  items  of  mileage, 
gasoline  consumption  and  oil  consumption  when  read  vertically. 

The  weekly  chart  shown  at  Fig.  84  is  of  the  ordinary  ledger  type  and 
is  filled  out  by  the  garageman  who  has  charge  of  serving  out  the  gaso- 
line and  oil  to  the  driver  every  morning.  From  the  figures  shown  on 
this  record,  the  garage  superintendent  was  enabled  to  prepare  the 
graphic  chart  shown. 

Reading  vertically  for  each  truck,  it  is  seen  that  the  gasoline  mileage 
secured  should  show  up  in  a  chart  in  much  the  same  kind  of  curve  as 
the  mileage  curve  in  the  topmost  of  the  three  blocks  of  the  cross-sec- 
tioned areas  in  Fig.  83.  Similarly,  the  oil  consumption  in  pints  should 
bear  a  corresponding?  ratio  to  the  mileage  covered  each  day  by  the  truck. 

By  comparing:  the  records  of  one  truck  with  those  of  the  other  trucks 
on  the  same  large  sheet  of  paper,  the  comparative  operating  efficiency 
of  the  trucks  on  any  one  sheet  may  be  regularly  gauged. 

Carrying  out  the  idea  further,  average  lines  may  be  drawn  through 
the  curves  for  each  item.  These  average  lines  would  be  horizontal  and 
by  comparing  the  average  of  one  truck  with  that  shown  next  to  it  on 
the  chart,  the  relative  economy  may  be  judged  by  the  vertical  distance 
between  the  two  horizontal  lines. 

Results  of  Trucking  Operations.  Fig.  85  is  from  an  article  by  J.  M. 
Van  Harlingen,  ''The  Economy  of  Centralized  Trucking,"  published 
March,  1918,  in  Industrial  Manar/ement.  The  trucks  were  principally 
hand  ones  with  a  few  electric  industrials.  They  were  equipped  with 
recording  devices  to  show  "time  in  motion"  and  "idle  time."     The 
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charts  were  made  up  from  the  records  and  illustrate  a  method  of  com- 
paring performance. 
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Fig.  85 — Trucking  Operations 


Following,  is  a  list  of  articles  containing  further  illustrations  of  the 
use  of  graphic  charts  of  the  class  discussed  in  this  chapter  and  per- 
taining to  kindred  subjects. 

Upon  request,  the  Codex  Book  Co.,  Inc.,  19  William  Street,  New  York, 
will  be  glad  to  procure,  where  possible,  copies  of  magazines  containing 
the  articles  needed,  only  charging  the  ''old  magazine"  price,  plus  postage. 

"Mastering  Power  Production,"  Series  I-X,  Walter  N.  Polakov, 
Industrial  Management,  May,  1918. 

"The  Organization  of  Manufacturing  Plants,"  A.  D.  C.  Parsons,  Iron 
Age,  Dec.  21,  1916. 

"How  We  Rebuilt  an  Unprofitable  Department,"  M.  Bridgman, 
System,  Ifeb.  1918. 

"What  is  the  Remedy  for  Diminishing  Profits?"  Prof.  Ralph  E. 
Heilman,  System,  Feb.  1918. 

"This  Plan  More  Than  Doubled  Our  Typists'  Output,"  W.  H.  Leffing- 
well,  System,  Nov.  1916. 

"My  Plan  for  Applying  Scientific  Management  in  an  Office,"  W.  H. 
Leffingwell,  System,  Oct.  1916. 

"Methods  of  Arriving:  at  Labor  Turnover,"  J.  M.  Van  Harlingen  and 
T.  J.  Dwyer,  Indusirial  Management,  April,  1918. 

"A  New  Problem  in  Employment,"  Merrill  Richards,  Industrial  Man- 
agement, Feb.  1919. 

"Is  It  Wise  to  Hire  the  Repeater?"  Leonard  Blakey,  Industrial  Man- 
agement, May,  1919. 

"Time  Studies  for  Rate  Setting  on  Machine  Tools,"  Dwight  V.  Mer- 
rick, Industrial  Management,  June,  1918. 

"Establishing  Basic  Rates  Saves  Time  Study  Work,"  Carle  M.  Bige- 
low.  Industrial  Management,  Jan.  1919. 

"Efficient  Employees  Are  an  Element  in  Costs,"  Fred.  Nicholas, 
Electrical  World,  Aug.  26,  1916. 

"Basing  Wages  on  a  Standard  Curve,"  Factory,  Jan.  1914. 

"Raising  Wages  With  Cost  of  Living,"  L.  K.  Comstock,  Electrical 
World,  March  6,  1918. 

"Increased  Wages  and  Decreased  Efficiency  in  the  Clifton-Morenci 
District,"  Walter  Douglas,  Mining  &  Scientific  Press,  Sept.  8,  1917. 
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** Instructions  for  Unskilled  Labor,"  J.  A.  De  Turk  and  G.  H.  Rade- 
baugh,  Industrial  Management,  July,  1917. 

''How  I  Applied  a  Piecework  Policy,"  W.  F.  Hamont,  Factory,  Jan. 
1914. 

''The  Human  Factor  in  Task  Setting,"  W.  E.  Camp,  Industrial 
Management,  Nov.  1918. 

"Fatigue,"  in  Factory,  June,  1917. 

"Intemperate  Men  Cause  Tonnage  Loss,"  Coal  Age,  Aug.  15,  1918. 

"Increased  Output,  Basil  R.  Medley,"  Factory,  June,  1917. 

' '  Elimination  of  Idleness  by  Systematic  Study, ' '  Chas.  Whiting  Baker, 
Engineering  News-Record,  Sept.  5,  1918. 

"Accident  Prevention  Work  in  Commonwealth  Edison  Organization," 
Electrical  World,  May  8,  1915. 

"Who  Gets  Hurt  and  When?"  Coal  Age,  Sept.  12,  1918. 

"Better  Lighting  of  Machine  Shops,"  F.  H.  Bernard,  Electrical  Re- 
view, June  1,  1918. 

"Relation  of  Lighting  to  Industrial  Safety,"  John  A.  Hoelveler, 
September  1,  1917. 

"Cost  of  Industrial  Health  Supervision,"  Reginald  Trautschold,  In- 
dustrial Management,  Jan.  1918. 

"Employees'  Benefit  Association,"  Series  I-VI,  W.  L.  Chandler,  In- 
dustrial Management,  Jan.  1918  to  June  1918. 

"How  to  Prevent  Freight  Car  Demurrage,"  D.  T.  Farnham,  Industrial 
Management,  May,  1918. 

"Pointing  Out  by  Curves  a  Handtruck's  Worth,"  Factory,  Jan.  1914. 

"A  Machine's  Advantage  Graphically  Shown,"  Factory,  elan.  1914. 

"Fuel  Department  of  Rock  Island,"  Railway  Age  Gazette,  July  20, 
1917. 

"Buying:  for  Seasonal  Production,"  letter  from  J.  S.  H.,  in  Factory, 
August,  1917. 

"Right  Time  to  Buy,"  Neil  M.  Clark,  System,  Nov.  1916. 

"Graphs  That  Short-cut  Your  Work,"  Carrol  Dean  Murphy,  System, 
Sept.  1916. 

"Graphic  Control  of  Production  and  Cost,"  C.  W.  Starker,  Industrial 
Management,  April,  1918. 

"Cutting  Out  Little  Wastes,"  II.  0.  Wood,  System,  March,  1918. 

"Making  Pictures  of  Facts,"  James  W.  Morrisson,  System,  March, 
1918. 

"Would  it  Pay  to  Move,"  Prof.  Ralph  E.  Heilman,  System,  Dec.  1917. 

"Six  Simple  Ways  to  Picture  Facts,"  Stanley  C.  Tarrant,  System, 
April,  1918. 

"Knowing,  in  a  Small  But  Growing  Business,"  D.  S.  Johnston,  System, 
July,  1917. 

"Graphs,  Charts  and  Statistics  as  Aids  to  Administration,"  E.  C. 
Stothart,  Electric  Railway  Journal,  Oct.  2,  1915. 

"What  Percentage?"  J.  W.  Brussel,  Factory,  Nov.  1917. 

"The  One-Man  Business,"  J.  A.  Van  Brakle,  System,  Nov.  1917. 

"The  Business  'Front  Door,'  "  J.  A.  Van  Brakle,  System,  July,  1918. 

"Rising  Costs,"  Clyde  B.  Marston,  System,  Sept.  1915. 

"Keeping  Busy  All  the  Time,"  Ralph  E.  Heilman,  System,  August, 
1918. 
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' '  Take  Off  Your  Wraps  and  Feel  at  Home, ' '  Sidney  S.  Wilson,  System, 
Julv,  1918. 

'^ Chart  With  Which  to  Make  Various  Records  for  Coal,"  Walter  N. 
Polakov,  Electrical  World,  Nov.  10,  1917. 

"Graphic  Presentation  of  Gas  Co.  Statistics,"  Stan.  C.  Tarrant,  Gas 
Age,  Jan.  1,  1917. 

''Visualizing  the  Vital  Facts,"  Stanley  C.  Tarrant,  System,  Dec.  1914. 

''Graphs  That  Watch  for  Danger  Points,"  Stanley  C,  Tarrant,  System, 
March,  1916. 


CHAPTER  XI 

Costs  and  Cost  Analysis 

Charts  may  be  used  to  show  costs  and  prices,  in  which  capacity  they 
are  really  price  lists  in  diagrammatic  form,  and  also  to  serve  as  a  means 
for  analyzing  costs  with  the  intention  of  figuring-  out  therefrom  a  most 
economical  arrangement,  combination  or  design. 

In  the  first  case,  in  addition  to  showing  the  prices  of  different  sizes, 
kinds,  etc.,  of  any  given  material,  they  present  a  picture  of  relative 
increases  in  price  for  increases  in  sizes,  etc.,  so  that  very  frequently,  if 
it  is  not  absolutely  necessary  to  select  a  piece  of  apparatus  of  a  'certain 
given  size,  one  may  note  by  a  chart  the  point  where  the  price  begins 
to  increase  at  a  less  rate  than  the  size,  and  by  purchasing  at  that  point 
can  procure  more  units, — power,  pounds,  etc. — per  dollar,  for  his  ex- 
penditure. Also,  charts  are  unequalled  for  showing  comparisons  of 
prices,  as  the  mind  is  better  able  to  grasp  the  relative  differences  be- 
tween any  two  articles  through  the  medium  of  the  eye's  perceiving  this 
difference  in  pictorial  form  than  in  any  other  way. 

It  is  often  desired  to  find  out  whether  there  is  any  relation  between 
the  price  of  equipment  per  piece  and  the  price  per  pound  or  per  unit 
of  power,  etc.,  and  for  this  sort  of  analysis  no  method  compares  with 
that  of  plotting  on  charts.  The  article  entitled  ''Cost  per  Pound  of 
Electrical  Machinery,"  on  page  174  is  an  excellent  illustration  of  this. 

For  the  purpose  of  analysis  the  scope  of  charts  is  almost  limitless, 
and  the  examples  given  here  do  not  begin  to  cover  the  possibilities  of 
this  graphic  method  but  were  selected  as  typical  cases  in  the  belief  that 
they  would  offer  valuable  suggestions  for  a  similar  use  in  other  direc- 
tions. There  is  not  a  business  concern,  large  or  small,  but  could  use 
to  advantage  the  graphic  method  of  cost  analysis. 

Cost  of  Coal  for  Generating  Steam.  The  following  description  is 
taken  from  Electrical  Review,  December  7,  1918.  Fig.  1  gotten  up  by 
the  Westinghouse  Electric  &  Manufacturing  Co.  furnishes  the  power 
plant  operator  accurate  information  on  the  cost  of  coal  for  generating 
steam.  Knowing  the  price,  and  the  amount  of  coal  burned  and  the 
quantity  of  water  evaporated  the  solution  is  easy.  Start  with  the  cost 
of  coal  per  ton  and  project  vertically,  intersecting  the  oblique  line  cor- 
responding to  the  evaporation  from  and  at  212°  F.  being  obtained  from 
the  boilers,  then  move  horizontally  to  the  left  margin,  where  the  cost 
of  coal  to  evaporate  one  thousand  pounds  of  water  from  and  at  212°  F. 
is  given.  The  chart  can  also  be  used  to  determine  the  evaporation  re- 
quired to  generate  steam  at  a  certain  cost,  by  reversing  the  above  process. 
By  replotting  upon  an  8lii  x  11  in.  sheet  the  scale  is  very  easily  read  and 
the  chart  may  be  put  beneath  a  sheet  of  glass  for  easy  reference. 

Cost  of  Coal  per  1000  Lb.  of  Steam.  W.  H.  Schott  is  the  authority 
for  Fig.  2  and  the  explanatory  matter,  published  in  Electrical  World, 
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October  2,  1915.  Fig.  2  has  been  devised  to  ascertain  quickly  the  cost 
of  any  fuel  required  to  produce  a  thousand  pounds  of  steam.  If  the 
fuel  is  given  in  the  column  at  the  right,  it  is  only  necessary  to  follow 
the  arrow  opposite  the  particular  fuel  to  where  it  intersects  the  diagonal 
line  representing  the  cost  per  ton  and  then  drop  vertically  to  the  scale 
giving  the  cost  of  coal  per  1000  lb.  of  steam  from  and  at  212°  F.  Refer 
next  to  the  evaporation  chart  above  and  follow  the  horizontal  line  from 
the  feed-water  temperature  until  it  intersects  the  diagonal  line  repre- 
senting the  steam  pressure.  Directly  above  will  be  the  evaporation  factor. 
Multiply  this  factor  by  the  cost  of  fuel  per  unit  of  equivalent  evaporation, 
and  the  actual  cost  of  coal  to  produce  1000  lb.  of  steam  is  determined. 


<00    4S0   500   5.50   600   6.50    TOO    750 
Cost  Of  Coal  per  Ton  of  ZOOO  it>s.-Do//af3. 


Fig.  1 — Chart  for  Determining  Cost  of  Steam 


The  arrows  opposite  the  fuel  in  the  column  at  the  right  of  the  chart 
point  to  the  amount  of  evaporation  which  can  be  expected  by  burning 
1  lb.  of  the  particular  fuel. 

When  the  fuel  used  or  considered  is  not  listed  in  the  column  at  the 
right  the  proportions  of  combustible  and  fixed  carbon  must  be  known 
and  the  evaporation  per  pound  of  fuel  estimated.  After  this  is  found 
the  procedure  is  the  same  as  for  fuels  listed  in  the  chart. 

The  diagram  on  the  left  is  to  facilitate  ascertaining  the  equivalent 
evaporation  obtainable  with  a  pound  of  fuel.  The  method  of  using  it 
is  as  follows : 

Start  with  the  percentage  of  combustible  matter  in  the  fuel  (at  the 
top  of  the  left-hand  diagram)  and  follow  the  vertical  line  downward 
to  the  horizontal  line  representing  the  percentage  of  fixed  carbon,  thence 
upward  along  the  diagonal  line  to  the  left-hand  margin,  where  the  per- 
centage of  carbon  in  the  combustible  will  be  obtained.  From  this  point 
proceed  upward  along  the  diagonal  line  to  the  top  margin,  then  down- 
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ward  along  the  vertical  line  to  the  efficient  B.t.u.  curve  and  horizontally 
to  the  scale  marked  B.t.u.  (which  gives  the  calorific  value  on  1  lb.  of 
combustible).  From  this  point  again  follow  the  diagonal  line  downward 
until  it  intersects  the  vertical  line  marked  with  the  percentage  of  com- 
bustible in  coal  and  thence  horizontally  to  the  scale  marked  ''pounds 
of  water  evaporated. ' ' 

These  charts  are  based  on  the  efficiency  which  should  be  obtained  with 
high-class  operation.  The  upper  curve  in  the  left-hand  diagram  is  based 
on  Du  Long's  formula  for  figuring  the  B.t.u.  in  the  combustible.  The 
dotted  curve  is  for  determining  the  efficiency  which  should  be  obtained 
when  burning  coal  under  good  conditions.  * 

The  Fuel  Cost  of  Heat  and  Power.  F.  H.  Rosencrants  is  author  of 
the  following,  published  November  12,  1918,  in  Power.  The  logarithmic 
chart,  Fig.  3,  is  composed  of  8  panels  numbered  for  convenience.  The 
method  of  using  the  chart  may  be  best  illustrated  by  the  solution  of  a 
problem. 

Beginning  at  the  top  of  panel  No.  1,  with  the  Price  per  ton  of  coal 
in  storage  ($3.25)  drop  down  to  the  Heating  value  per  pound  fuel 
(12,000  B.t.u.)  and  proceed  to  the  left  to  Cost  of  coal  per  million  B.t.u. 
(13.6c.)  or  proceed  to  the  right  to  Efficiency  of  boiler  or  gas  producer 
(70%),  panel  No.  2.  From  this  point  proceed  vertically  to  Cost  in 
cents  per  million  available  B.t.u.  (19.2)  or  drop  down  to  Heat  supplied 
per  pound  of  steam  in  B.t.u.  (1000),  panel  No.  3.  From  this  point 
proceed  to  right  to  Cost  per  thousand  pounds  of  steam  in  cents  (19.2) 
or  proceed  lef!  to  Steam  consumption  per  Ihp.  in  pounds  (25),  panel 
No.  4.  From  this  point  proceed  vertically  to  Cost  per  Ihp.  in  cents 
(0.48)  or  drop  down  to  Mechanical  efficiency  of  engine  (90%),  panel 
No.  5.  From  this  point  proceed  to  the  left  to  Cost  per  b.hp.  in  cents 
(0.53)  or  to  right  to  efficiency  of  generator  pump,  or  other  driven 
machine  (90%),  panel  No.  6.  From  this  point  drop  down  to  Cost  per 
available  hp.  (0.58). 

Panels  Nos.  7  and  8  are  for  use  in  case  of  a  producer-gas  plant  and 
with  an  understanding  of  the  foregoing  explanation  I  believe  the  method 
of  use  is  clear. 

Cost  of  Leaking  Steam.  The  nomographic  chart,  Fig.  4,  was  copy- 
righted by  W.  F.  Schaphorst  and  published  with  this  description  in 
Engineering  and  Mining  Journal,  February  10,  1917. 

To  determine  the  cost  of  leaking  steam  with  any  degree  of  accuracy 
at  least  four  factors  must  be  known:  (1)  The  number  of  pounds  of 
steam  evaporated  by  one  pound  of  coal  (the  greater  this  factor  the 
less  the  cost  of  leaky  pipes,  other  conditions  being  the  same)  ;  (2)  the 
total  area  of  leakage;  (3)  the  absolute  steam  pressure,  which  is  equal 
to  the  gage  pressure  plus  atmospheric  pressure  (at  sea  level  this  is 
usually  gage  pressure,  plus  14.7)  ;  (4)  the  cost  of  coal  per  ton. 

For  example,  how  much  money  is  lost  every  10  hr.  under  the  follow- 
ing conditions?  Nine  pounds  of  steam  is  generated  by  each  pound  of 
eoal;  the  total  area  of  leakage  is  %  sq.in. ;  the  gage  pressure  is  105  lb. 
per  sq.  in.  (making  the  absolute  pressure  approximately  120  lb.)  ;  and 
the  cost  of  the  coal  is  $3.50  per  ton. 

Simply  lay  a  straight-edge  across  Fig.  4  three  times  as  indicated  by 
the  dotted  lines,  and  the  problem  is  solved.     Run  the  first  line  from  the 
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9  (column  A)  through  the  120  (column  C)  and  locate  the  intersection  in 
column  E.  Run  the  second  line  from  that  point  of  intersection  to  the 
0.5  (column  B)  and  locate  the  intersection  in  column  C.  From  that 
point  of  intersection  run  the  third  and  last  line  to  the  $3.50  (column  E), 
and  the  answer  is  found  at  the  intersection  with  column  D.  The  answer 
is  $6  loss  per  10  hr. 

In  case  it  is  found  that  the  total  leakage  area  is  less  than  shown  in 
column  B,  the  chart  may  be  used  just  as  easily  by  merely  shifting 
decimal  points.  For  example,  if  in  the  problem  given  the  leakage  area 
had  been  0.05  instead  of  0.5  sq.in.  the  answer  would  be  60c.  instead 
of  $6  per  10-hr.  day. 

When  using  the  chart  the  steps  must  follow  in  the  order  shown  and 
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described:  First  line,  A  to  E  through  C;  second  line,  E  to  B;  third 
line,  C  to  E. 

Whether  it  Would  Pay  to  Install  a  Feed  Water  Heater.  Mr.  Schap- 
horst  also  produced  Fig.  5.  This,  together  with  the  data  pertaining  to 
it,  is  taken  from  Mining  and  Engineering  World,  December  2,  1916. 
Fig.  5  shows  the  money  saving  that  accompanies  the  installation  of  a  feed 
water  heater.  The  old  rule  on  which  the  chart  is  based  is  this :  ' '  Every 
eleven  degrees  temperature  increase  of  the  feed  water  saves  one  per 
cent,  of  the  coal  pile.' 

For  example,  assuming  that  you  spend  $10,000  per  year  for  coal, 
and  that  by  installing  a  feed  water  heater  you  could  raise  the  tempera- 
ture of  the  feed  water  110°  F.  by  using  exhaust  steam  that  is  now  going 
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to  waste,  the  money  saved  would  amount  to  $1000  per  year,  which  is 
a  pretty  good  ''salary"  for  a  single  piece  of  apparatus. 

The  dotted  line  drawn  across  the  chart  shows  how  the  problem  is 
solved.  Just  lay  a  straight  edge  across  and  it's  "done."  Or,  stretch 
a  thread  across  from  known  point  to  known  point.  The  answer  is  al- 
ways found  in  the  middle  column. 

To  find  the  increase  in  temperature  subtract  the  temperature  of  the 
water  "entering"  the  heater  from  the  temperature  of  the  water  "leav- 
ing" the  heater.  The  difference  (T-t)  is  the  value  to  be  used  in  the 
left-hand  column. 

Cost  per  Pound  of  Electrical  Machinery.  The  article  of  this  title 
by  Leonard  A.  Doggett,  part  of  which  follows,  was  published  in  Electrical 
World,  October  2,  1915.  It  is  an  admirable  description  of  a  method 
applicable  to  many  other  types  of  equipment. 

The  cost  of  any  article  is  not  as  a  rule  a  fixed  quantity,  but  varies 
more  or  less  widely.  It  varies  with  the  prosperity  of  the  country,  it 
varies  with  the  business  relations  between  the  customer  and  manufac- 
turer, it  varies  with  the  size  of  the  order,  it  varies  with  the  reputation  of 
the  manufacturer,  it  varies  with  the  newness  of  the  machine,  and,  of 
course,  with  the  many  elements  entering  into  the  original  manufacturing 
cost. 

All  these  variables  render  any  accurate  estimate  impossible.  The  best 
that  can  be  done  is  to  set  limits  within  which  the  cost  figure  will  lie. 
Of  course,  to  a  certain  limited  number  in  the  offices  of  the  manufacturing 
companies,  accurate  information  is  available,  but  such  data  are  not  gen- 
erally accessible!  However,  there  are  other  sources  of  information  which 
serve  to  indicate  the  limits  of  the  cost  figure.  The  figures  given  below 
are  based  upon  (1)  a  paper  entitled  "Prime  Movers,"  by  H.  G.  Stott, 
R.  J.  S.  Pigott  and  W.  S.  Gorsuch  {Proceedings,  A.  I.  E.  E.,  June, 
1914)  ;  (2)  cost  figures  for  a  recent  line  of  direct-current  machines  of 
one  of  the  largest  manufacturing  companies,  the  prices  being  those 
offered  to  a  small  contractor  by  a  local  office  of  this  company;  (3)  cost 
data  in  Pender's  "American  Handbook  for  Electrical  Engineers";  (4) 
miscellaneous  data  gathered  by  the  writer  within  the  last  two  years; 
(5)  data  on  second-hand  machines  as  published  in  the  "Searchlight 
Section"  of  the  Electrical  World  and  in  the  "Curb  Market"  of  the 
Electric  Joxirrwl. 

It  is  a  well-known  fact  that  a  1-hp.  motor  having  a  rated  speed  of 
2000  r.p.m.  is  much  cheaper  than,  and  about  one-half  as  heavy  as,  a 
1-hp.  motor  having  a  rated  speed  of  1000  r.p.m.  Therefore,  the  rational 
way  to  tabulate  either  cost  or  weight  data  is  in  terms,  not  of  dollars  or 
pounds  per  kilowatt,  but  of  dollars  or  pounds  versus  kilowatts  divided 
by  speed.  The  term  (kw.-^  r.p.m.)  is  really  torque,  and  of  any  machine 
it  can  be  said  that  the  greater  the  torque  the  greater  the  necessary 
size,  weight  and  cost.  Therefore,  in  this  paper  the  independent  variable 
is  taken  as  (kw. -^  r.p.m.).  In  Figs.  6  and  7  the  accumulated  data  are 
plotted. 

From  these  curves  Table  1  has  been  prepared,  showing  the  average 
cost  in  dollars  at  various  values  of  kw.  -^  r.p.m.  From  some  weight  data 
published  by  the  author  in  the  Electrical  World  for  INIay  3,  1913,  Table 
II  was  obtained.     Table  III  is  obtained  from  Tables  I  and  II. 
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From  curves,  such  as  Figs.  6  and  7,  it  is  possible  to  obtain  formulas 
which  will  represent  the  average  result/  in  a  compact  form  and  also  be 
serviceable  for  a  certain  amount  of  extrapolation.     For  example: 

Name  of  Machine  Cost  in  Dollars 

(Kw     \06 
R ~  ) 

(Kw     \  06 
R ~ ) 

/     Kw.     \0768 

3,600-r.p.m.   turbo-alternator   sets    33,500  (  -r I 

'  ^  \R.p.m.  / 

/     Kw.     \0685 

1,800-r.p.m.  turbo-alternator  sets   29,500  ( I 

'  ^  \R.p.m.  / 

However,  the  curves  present  the  information  in  the  best  form,  for  the 
limits  between  which  the  cost  of  a  machine  lies  can  easily  be  seen.  In 
using  Figs.  6  and  7  it  should  be  remembered  in  the  case  of  new  machinery 
that  these  figures  represent  standard  or  stock  machines,  and  that  ma- 
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chines  with  unusual  specifications  will  lie  above  any  data  there  plotted. 
In  gathering  and  plotting  the  information  interesting  facts  developed, 
many  of  which  could  be  explained.  For  example,  cost  figures  on  Edison 
bipolars,  Stanley  inductor  alternators  and  133-cycle  alternators,  if  they 
had  been  plotted,  would  always  have  fallen  below  the  general  trend  of 
the  plotted  points.  That  is,  obsolete  types  of  machines  lie  between  the 
curve  for  second-hand  machines  and  the  scrap  value  of  the  machine.  In 
Fig.  6  are  plotted  some  data  on  new  one-hour-rating  series  motors,  these 
points  being  represented  by  #.     As  would  be  expected,  these  points 
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TABLE  I— COST  IN  DOLLARS 

New  or 

Name  of  Machine                              Second-  Kw.  -r-  E.p.m. 

hand          0.001  0.01  0.1  1.0 
Direct-current    generators    and    mo- 
tors              New              85     280  1,150  5,500 

Induction    motors    New           100     260  850  3,500 

Alternators      New            1,200  4,600 

Turbo-alternators     New            37,000 

Low-speed    engines    New          Compound  ....  6,000 

High-speed  engines New         Compound  1,600  4,900 

Low-speed    engines    New            Simple  ....  3,300 

High-speed  engines   New           Simple  680  2,530 

Direct-current  generators  and  mo- 
tors      Second-hand      40     120  450  1,600 

Induction    motors    Second-hand      45     170  550  2,500 

Alternators     Second-hand     ...      140  450  2,200 

Engine-driven  direct-current  and  al- 
ternating-current  generators    ....  Second-hand     .  .  .      200  700  3,000 

TABLE  II— WEIGHT  IN  POUNDS 

Name  of  Machine  Kw.  -r-  R.p.m. 

0.001      0.01  0.1  1.0 

Direct-current  generators  and  motors 130        810  4,200  22,000 

Induction  motors    80        510  2,800  15,000 

Alternators     130        810  4,200  20,000 

Turbo-alternators      170,000 

Low-speed   engines    2,400  19,000 

High-speed    engines 4,500  31,000 

Engine-driven    direct-current    and    alternating- 
current  generators 1,400  8,000  50,000 

TABLE  III— CENTS  PER  POUND 

New  or  Kw. -^R.p.m. 

Name  of  Machine                              Second-        0.001  0.01  0.1  1.0 

hand 
Direct-current    generators    and    mo- 
tors             New             65       35  27  25 

Induction    motors    New           125       51  30  23 

Alternators      New            29  23 

Turbo-alternatorB.    New            22 

Low-speed    engines    New         Compound  . .  28 

High-speed  engines    New         Compound  36  15 

Low-speed    engines    New           Simple  . .  17 

High-speed  engines    New           Simple  15  8 

Direct-current  generators  and  mo- 
tors      " Second-hand      31       15  11  7 

Induction   motors    Second-hand      56       33  20  17 

Alternators      Second-hand     ...        17  11  1 1 

Engine-driven  direct-current  and  al- 

^mating-current   generators    ....Second-hand     ...        14  9  6 
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lie  between  the  points  for  new  and  those  for  second-hand  direct-current 
machines. 

It  is  interesting  to  note  that  the  average  cost  of  all  the  new  machinery 
tabulated  is  32  cts.  per  pound,  and  of  the  second-hand  machinery  17 
cts.  per  pound,  representing  a  depreciation  of  machinery  which  is  sec- 
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ond-hand  but  not  obsolete  of  about  50%.  Some  dealers  specifically  ad- 
vertise used  machines  at  40%  of  the  new  price,  so  that  40  to  50%  may 
be  taken  as  a  reasonable  figure. 

Estimated  Cost  of  Steam  Pumps.  Fig.  8,  together  with  the  short 
abstract,  is  from  an  article  ''Economical  Duty  of  Pumps,"  by  Frank  H. 
Carter,  published  December  5,  1914,  in  Engineering  Record  to  illustrate 
the  use  of  the  logarithmic  chart  for  plotting  prices,  where  the  formula 
is  of  the  form  given. 

The  cost  of  a  pump  must  of  necessity  vary  according  to  some  function 
of  p,  the  water  pressure  on  the  water  and  that  exerted  by  the  pump. 
According  to  a  designing  engineer  employed  by  one  of  the  leading  pump 
manufacturers,  the  cost  of  pumps  may  be  assumed  to  vary  roughly  as 
the  0.8  power  of  the  total  dynamic  water  pressure,  including  suction, 
friction  and  static  heads.     By  tentative  trials  it  is  found  that  the  aboye 
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Fig.  8 — Estimated  Cost  of  Steam  Pump- 
ing Engines 


Fig,  9— Cost  of  High-Speed,  Direct-Con- 
nected Generating  Plants  per  Kilo- 
of  Capacity 


costs,  exclusive  of  a  consideration  of  any  variation  with  respect  to  the 
dynamic  head  may  be  expressed  by  formula,  using  the  maximum  duty 
allowance  under  the  head  ^'test  duty,"  (7  =  115x^'^^;  or,  adding  the 
function  expressing  the  variation  of  cost  of  the  pump  as  a  power  of  the 
total  water  head  p,  assuming  p  "^-^^  for  ease  in  computation,  C  = 
115x^'^^  (p/90)  ^•■^^,  as  the  costs  given  are  for  p  =  90  lb.  Reducing  this 
formula  to  simpler  terms,  (7  =  3.94  {xp)  ^•'^^. 

This  is  graphically  shown  in  Fig.  8,  where  (7  =  cost  per  million  gal- 
lons capacity ;  x,  test  duty  in  million  ft.  lb.  per  100  lb.  of  coal ;  p*  total 
head,  including  suction,  friction  and  static  pressure. 

High  Speed,  Direct  Connected  Generating  Plants.  To  illustrate 
the  method  of  drawing  a  smooth  curve  through  a  few  points  plotted  from 
known  data.  Fig.  9  is  taken,  with  the  following,  from  an  article,  ' '  How  to 
Select  Prime  Movers  for  Industrial  Electrical  Generating  Plants"  by 
H.  T.  Luscomb,  published  in  Engineering  Magazine,  August,  1916. 

The  steam  economy  which  may  be  expected  from  units  comprising 
engines  of  the  ordinary  piston  or  slide  valve  type  and  the  small  and 
medium  size  turbine  has  been  found  to  average  60  to  80  pounds  of  steam 
per  kw-hr.  generated,  depending  upon  the  size  of  the  engine.  The  load 
on  the  engine  has  a  decided  effect  upon  the  economy  also. 
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Such  units,  including  engine  and  generator,  together  with  necessary 
piping,  wiring,  switchboard,  foundations  and  erection  charges,  cost 
from  $50  to  $90  per  kw.  of  generator  capacity.  Fig.  9  drawn  from  data 
secured  at  a  number  of  actual  plants,  shows  the  variation  of  cost  with 
the  capacity  of  the  plant.     Naturally  the  cost  is  governed  to  a  certain 


Percentage  of  Tolol  Construction  t«pense 


Fig.   10 — Relative  Costs  of  Constructing 
Each  Part  of  the  Hydroelectric  Plant 


extent  by  such  factors  as  the  foundation  work  necessary,  accessibility 
of  the  engine  room  and  market  conditions.  Costs  include  engines,  gen- 
erators, piping,  foundations,  switchboard  and  erection,  but  no  boilers. 

Comparison  of  Construction  Costs.     Excellent  examples  of  the  value 
of  the  polar  chart  for  sector  analysis  are  shown  in  Figs.  10  and  11. 


Fig.   11 — Unit  Costs  of  Constructing  the  Talli^lah-Atlanta  Transmission   Line  and 

Gravity-Type  Dams 

These,  with  the  descriptive  matter  are  from  an  article  entitled  ''Unit 
Construction  Costs  for  Hydroelectric  System"  published  in  Electrical 
World,  October  23,  1915. 

A  graphical  analysis  of  construction  costs  is  presented  which  shows 
the  relative  magnitudes  of  the  different  expenses  as  well  as  the  unit 
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costs  represented  by  the  construction  work  called  for  by  the  Tallulah 
Falls  hydroelectric  plant  and  transmission  system  of  the  Georgia  Rail- 
way &  Power  Company,  which  serves  large  areas  in  northern  and  cen- 
tral Georgia. 

First,  the  total  expenses  due  to  constructing  each  part  of  the  system, 
including  dam,  tunnel,  power  house  and  lines,  are  compared.  Fig.  10. 
Then  each  expense  is  itemized  and  further  compared  to  show  the  re- 
lative magnitudes  of  labor,  material,  transportation  and  miscellaneous 
items.     Fig.  11  is  reproduced  as  an  example. 

Costs  in  Railway  Maintenance  Work.  One  of  the  many  uses  of 
graphical  charts  in  connection  with  railroad  work  is  shown  in  Fig.  12, 


Fig.  12 — Showing  Costs  in  Maintenance  Work 


taken  with  the  following  notes  from  an  article,  "Efficiency  in  Track 
Maintenance,"  by  C.  E.  Lindsay,  published  in  Railway  Age  Gazette, 
May  17,  1912. 

A  graphical  means  of  showing  costs  per  equivalent  mile  comparatively 
month  by  month  and  year  by  year  is  afforded.  The  actual  monthly  ex- 
penditure per  mile  for  each  particular  month  is  plotted  as  a  point  and 
the  points  are  joined  by  lines  of  peculiar  form  or  color  for  each  year. 
The  cumulative  monthly  average  is  shown  by  the  dotted  lines  at  the 
bottom  of  the  figures,  and  this  average  is  a  most  valuable  index  of  the 
trend  of  expenses  and  a  guide  to  the  engineer  as  to  his  future  expendi- 
tures. 
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Maintenance  Cost  Data  in  Graphical  Form.  This  was  printed  in 
Electrical  liailwaij  Journal,  February  24,  1917. 

Through  the  courtesy  of  a  company  operating  a  number  of  railway 
properties  in  cities  of  moderate  size,  it  has  been  possible  to  give  the  data 
plotted  in  Fig.  13,  which  has  been  cut  down  for  want  of  space.  These 
bring  the  record  up  to  the  end  of  1915.     The  1916  data  are  not  in- 
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eluded  as  they  cannot  be  considered  typical  in  view  of  the  prevailing 
high  prices  of  materials  and  scarcity  of  labor. 

It  will  be  noted  that  the  cost  data  are  stated  in  several  ways,  giving 
an  opportunity  for  comparison  based  on  income,  car-mil^s  operated  and 
miles  of  track  for  the  way  and  structures,  and  on  income,  car-miles 
operated,  and  cars  operated  for  the  equipment. 

Cost  Chart  for  Reinforced-Concrete  Factory  Building.  Fig.  14  gives 
a  graphical  analysis  of  the  elements  of  expense  in  constructing  a  four- 
story  reinforced-concrete  machine  shop  at  Lowell,  Mass.  We  have 
taken  this  and  the  description  from  Engineering  Record,  February  14, 
1914. 

It  was  prepared  by  the  Aberthaw  Construction  Company,  of  Bos- 
ton, and  is  said  to  represent  a  fairly  typical  case,  both  as  regards  dis- 
tribution and  as  regards  the  character  of  the  building  itself. 


Fig.   14— Cost  Chart  for  Con-jrete 
Building 


Fig.   15 — Cost  of  Materials  in  Coal-Tar- 
Hemlock-Maple  Floor 


The  building  is  150x50  ft.,  with  brick  curtain  walls.  The  general 
type  of  interior  construction  is  beam  and  girder,  the  height  between 
finished  floors  being  12  ft.  4  in.  The  two  lower  floors  were  designed 
for  live  loads  of  250  lb.  per  square  foot  and  the  upper  floors  for  150-lb. 
loads.  Floorbeams  are  carried  on  a  single  row  of  columns  10  ft.  on 
centers,  running  the  length  of  the  building  midway  between  side  walls. 
Steel  sash  was  used  throughout. 

Cost  Per  Square  Foot  of  Floor.  Engineering  Record,  December  25, 
1915,  published  Figs.  15  and  16  and  the  accompanying  explanation. 

Fig.  15  gives  the  cost  per  sq.  ft.  of  a  typical  mill-building  floor  com- 
posed of  4  in.  of  broken  stone,  1  in.  of  sand  and  tar,  3  in.  of  hemlock 
.and  a  %-in.  tongue-and-groove  maple  finish.  Fig.  16  gives  the  cost  per 
sq.  ft.  for  the  material  in  a  4-in.  concrete  slab  for  three  different  mixes. 
The  construction  of  the  first  chart  will  be  explained,  as  the  method  of 
procedure  is  applicable  to  any  other  case  where  the  unit  costs  of  the 
component  parts  are  variable  and  a  fixed  amount  of  each  enters  into  the 
final  unit,  the  cost  of  which  is  desired. 

Four  combination  costs  for  the  stone  and  sand  at  the  limiting  values 
■of  the  costs  assumed  for  these  quantities  per  cu.  yd.  are  first  computed 
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in  cts.  per  sq.  ft.  of  floor,  knowing  the  quantities  of  each.  Selecting 
a  convenient  scale  and  direction,  called  scale  X  on  the  diagram,  these 
combination  values  are  plotted,  and  four  parallel  lines,  AA^,  BB^,  CC^ 
and  DD^  are  drawn  through  the  plotted  points.  The  point  A  is  selected 
arbitrarily  and  the  point  C  chosen  to  give  sufficient  length  AC  for  the 

Costof5cndperCu'td 
lltf 


Cc»tof5andperCuYd 

Fig.  16 — Cost  of  Materials  in  4-Inch  Con- 
crete Slab  Floor 


sand  scale  and  at  the  same  time  a  convenient  diagonal  direction  AC  for 
locating  the  stone  scale.  The  latter  is  found  between  the  diagonal 
sides  AC  and  DB  of  the  parallelogram  ABCD,  the  sides  AD  and  BC 
in  this  case  being  conveniently  made  parallel  to  the  assumed  direction 
of  the  combination  scale  X.     The  lines  AD  and  AC  are  easily  divided 
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into  the  desired  number  of  parts  by  the  use  of  any  convenient  diagonal 
line  and  scale. 

Using  the  previous  four  combination  costs  for  the  first  two  items, 
a  second  set  of  four  combination  costs  including  the  cost  of  the  tar 
used  per  square  foot  is  computed.  The  amount  of  tar  is  based  on  an 
assumption  of  1  gal.  of  tar  to  5V2  sq.  ft.  for  the  stone  and  1  gal.  to  10 
sq.  ft.  for  the  sand,  with  3%  waste.  The  four  costs  are  then  plotted 
to  a  convenient  scale  in  a  vertical  direction,  beginning  at  any  selected 
point  A^,  and  the  four  horizontal  lines  A^Ao,  B^B^,  €-^€2  and  D^D^  are 
drawn  through  them.  The  lines  A^D^  and  C^B^^  through  the  resulting 
intersection  points  then  give  the  direction  of  the  scale  for  the  coal  tar  as 
shown.  This  can  be  divided  into  the  desired  number  of  parts  in  the 
usual  manner. 

Similarly,  the  four  combination  costs  per  sq.  ft.,  including  the  3-in. 
hemlock  flooring  at  limiting  prices,  with  12%  added  for  waste  and  0.02 
cts.  for  nails,  are  computed.  These  are  plotted  horizontally  to  an  as- 
sumed convenient  scale,  beginning  at  the  point  A.^.  The  resulting  in- 
tersections A2,  B2,  C2  and  I>2  where  the  vertical  lines  cut  the  preceding 
horizontal  lines  determine  the  slopes  A^D^,  and  C^B^  for  the  hemlock 
scale. 

The  final  costs,  including  the  %-in.  maple  floor  faced  from  1-in.' ma- 
terial and  allowing  25%  for  the  tongue  and  groove  with  0.1  ct.  for 
nails,  are  then  computed  for  the  four  limiting  prices  and  plotted  in  the 
final  vertical  scale  shown,  giving  points  of  intersection  A^,  B^,  C^  and 
Z>3,  and  fixing  the  scale  for  maple  cost  by  the  lines  A^D^  and  B^C^^ 
Any  number  of  variables  can  be  included  by  continuing  the  process  of 
right-angled  turns  between  the  scales  used  for  combination  costs. 

The  use  of  the  diagram  is  explained  in  the  chart,  Fig.  15,  by  the 
heavy  lines,  which  indicate  the  successive  steps  in  reading  for  the  case 
of  stone  or  cinders  at  $1.50  per  cu.  yd.,  sand  at  $1.20  per  cu.  yd,,  coal 
tar  at  $3  per  barrel,  hemlock  at  $22  per  thousand  and  maple  at  $42  per 
thousand,  giving  a  final  total  cost  of  16%  cts.  per  sq.  ft. 

Fig.  16  is  constructed  and  used  in  a  similar  manner,  noting  that  the 
quantity  of  sand  and  of  stone  for  the  given  mixes  is  practically  con- 
stant. The  heavy  lines  indicate  the  solution  for  the  case  of  stone  at 
$1.80,  sand  at  $1  and  cement  at  $1.45  for  a  1  :  2^^  :  5  mix,  giving  a  total 
cost  of  nearly  5  cts.  per  sq.  ft.  for  the  materials. 

This  and  similar  charts  have  been  prepared  by  A.  Pearson  Hoover, 
engineer  with  John  W.  Ferguson  Company,  engineers  and  building 
contractors,  Paterson,  N.  J. 

Cost  of  Placing  Steel  Reinforcement.  Dan  Patch  is  author  of  the 
article  from  which  the  following  is  taken.  It  was  published  in  En- 
gineering Record,  August  26,  1916. 

Labor  cost  in  placing  steel  is  usually  rated  in  dollars  per  ton,  although 
it  is  recognized  that  such  unit  costs  increase  when  light  steel  is  being 
placed.  In  order  properly  to  include  the  effect  of  size  of  rods,  a 
graphical  method  based  on  weight  per  running  foot  of  steel  has  been 
devised. 

The  unit  costs  are  usually  obtained  by  dividing  the  labor  cos;t  figured 
from  the  timekeeper's  sheets  by  the  tons  of  steel  reported  placed  by 
the  quantity  man.     In  order  to  obtain  data  for  studying  the  effect  of 
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size  of  bars,  only  one  more  item  must  be  recorded — the  total  length  of 
bars  placed.  This  is  easily  done  by  the  use  of  a  listing  adding  ma- 
chine, by  which  the  total  running  feet  of  each  diameter  of  rods  placed 
can  be  obtained.  The  daily  totals  are  tabulated  in  terms  of  rod  sizes 
and  linear  feet  placed,  the  total  length  and  total  weight  computed,  and 


Legend 
-4+   -Placing  in  Walls,  ColumnsMc 
B  o    Placing  in  Floor  and  M  Slabs 
Co    Bending  and  CuHlng 


10  2.0  3.0. 

Aweroqe  Wefghf  in  Pounds  per  ROnning  Foot 

Fig.  17 — Cost  of  Reinforcing  Steel  Based 
on  Weight  Per  Foot 

the  average  weight  per  running  foot  easily  obtained.  Knowing  total 
cost  and  total  tonnage,  the  cost  per  ton  is  found,  and  plotted  in  Fig.  17. 
The  curves  A,  B  and  C,  which  are  drawn  through  the  fields  of  plotted 
points  obtained  for  costs  of  placing  in  wall,  columns,  stairs,  etc.,  in 
floor  and  roof  slabs,  and  of  bending  and  cutting  respectively,  indicate 
the  large  effects  of  average  weight  upon  the  cost  of  labor  per  ton. 
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in  Fig.  17 

If  additional  argument  in  favor  of  accounting  for  the  weight  variable 
is  neces.sary  it  will  be  found  in  Fig.  18.  This  diagram  shows  on  a 
larger  scale  the  plotted  costs  for  the  same  kind  of  work,  but  for  differ- 
ent dates,  the  steel  growing  lisrhter  as  the  roof  is  approached.  Sec- 
tions of  the  typical  curves  of  Fig.  17  to  this  enlarged  scale  are  shown, 


COSTS  AND  COST  ANALYSIS 


185 


the  costs  of  placing  in  walls,  columns,  etc.  (Curve  A),  giving  the 
■clearer  illustration. 

As  an  example  of  the  value  of  these  curves,  consider  the  figures  on 
the  work  recorded  in  Fig.  18.  On  Nov.  23  the  cost  per  ton  was  $4.83, 
By  Jan.  19  this  cost  had  risen  to  $5.34  per  ton.  With  these  figures 
only  and  no  knowledge  of  the  weight  of  steel  it  would  be  assumed  that 
the  work  was  being  less  efficiently  done,  but  with  the  typical  curve  as  a 
basis  of  comparison  it  will  be  noted  on  Fig.  18  that  while  there  has  been 
a  10%  increase  in  the  cost  per  ton,  the  typical  cost  curve  A  has  been 
more  nearly  approached,  indicating  the  increased  efficiency  that  can 
reasonably  be  expected  as  a  job  progresses  and  the  men  become  more 
accustomed  to  their  work. 

The  results  obtained  in  this  study  lead  to  speculation  as  to  whether 
similar  curves  would  not  be  valuable  in  eliminating  the  variation  in 
floor-form  costs  resulting  from  differences  in  thickness  of  slab  and  floor 
heights;  in  the  costs  of  laying  and  jointing  drains  and  sewers  on  ac- 
count of  differences  in  diameter;  in  the  cost  of  setting  sash  as  a  result 
of  differences  in  size  of  openings,  etc. 
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Fig.  20 — Cost  of  Eepairs  and  Life  for 
Barges 


Cost  of  Driving  Piles.  Fig.  19  and  the  following  are  from  an  article, 
*'Cost  of  Driving  Piles  with  a  Gasoline  Hoist,"  published  in  Engineer- 
ing Record,  July  18,  1914. 

A  reversible  gasoline  hoist  with  a  6^/^-hp  engine  and  operating  a 
1650-lb.  drophammer  has  been  used  for  driving  1,300  piles  to  support 
a  stage  for  7,000  singers  during  the  St.  Louis  pageant.  These  piles 
were  driven  from  a  scow  about  6  ft.  deep  in  the  bottom  of  the  Mississippi 
River  at  Forest  Park.  The  niggerhead  of  the  hoist  was  used  to  pull 
the  piles  in  place  and  the  drum  was  utilized  for  hoisting  the  ram.  In 
addition,  a  pulley  on  the  flywheel  ran  a  centrifugal  pump  for  keeping 
the  scow  dry. 

In  Fig.  19  are  shown  the  total  number  of  piles  to  be  driven  on  sched- 
ule and  the  actual  number  of  piles  driven,  the  estimated  cost  of  driving 
1,300  piles  and  the  actual  cost  of  labor  on  piles  driven. 

Cost  of  Repairs.  Fig.  20  is  an  example  of  a  very  valuable  use  for 
charts — that  of  showing  repair  expenses.  It  is  applicable  to  almost 
every  kind  of  work  where  plant  is  used  and  frequently  such  a  graphic 
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record  has  been  of  great  assistance  in  the  selection  of  the  most  econom- 
ical types  of  equipment.  This  figure  and  data  are  from  an  article 
*'The  Comparative  Costs  of  Repairs  to  Barges  of  Treated  and  Un- 
treated Timbers,"  published  in  Engineering  and  Contracting,  April  24, 
1912. 

The  repair  costs  used  in  Fig.  20  have  been  obtained  from  the  plant 
records  of  the  U.  S.  Engineering  office  at  Rock  Island,  111.,  covering 
Douglas  fir  barges  in  use  for  the  past  20  yrs.  in  connection  with  the 
work  of  improving  the  Upper  Mississippi  River,  between  St.  Paul  and 
St.  Louis.  In  the  past  untreated  fir  barges  were  kept  in  service  10  to 
17  yrs.,  the  average  life  being  15  yrs.  The  diagram  is  intended  to 
show  the  usual  cost  of  repairs  from  year  to  year  during  the  life  of  an 
untreated  Douglas  fir  barge.  New  barges  are,  as  a  rule,  used  for  rip- 
rap rock  transportation,  this  service  requiring  a  substantial  craft. 
From  the  diagram  it  will  be  noted  that  during  the  sixth  and  seventh 
years  the  barges  required  extensive  repairs,  the  cost  ranging  from  $200 
to  $300  per  barge ;  that  with  repairs  costing  about  $75  per  year  they  con- 
tinued in  hard  service  to  the  tenth  or  twelfth  j^ear;  that  they  then  re- 
quired large  repairs  and  had  to  be  taken  from  rock  work  and  placed  in 
the  brush  carrying  service,  which  is  much  less  severe  on  account  of 
the  large  decrease  in  weight  per  cubic  foot  of  load.  From  this  time 
on  to  the  end  the  cost  of  repairs  per  barge  is  largely  increased ;  and 
it  is  debatable  whether  it  would  not  be  fully  as  economical  to  abandon 
the  barge  at  about  the  tenth  to  twelfth  j^ear. 

Auto  Costs.  The  following,  taken  from  an  article,  ''A  Graphic  Rec- 
ord of  Auto  Costs,"  by  Stanley  C.  Tarrant,  published  in  The  Gas  Age, 
December  15,  1916,  is  a  valuable  suggestion  for  all  users  of  motor 
vehicles. 

The  superintendent  of  transportation  of  a  large  gas  company  finds 
that  with  the  use  of  graphs  he  is  enabled  to  keep  in  closer  touch  with 
cost  conditions  than  he  can  when  he  has  to  study  a  mass  of  figures.  He 
has,  therefore,  installed  the  following  system,  which  he  finds  very  val- 
uable for  his  purpose: 

When  a  car  is  purchased  by  his  company  it  is  given  a  serial  num- 
ber, and  is  known  by  this  number  throughout  its  useful  life.  For  com- 
parative purposes  a  separate  record  of  the  cost  of  operating  each  car 
is  carefully  kept. 

Fig.  21  shows  the  form  used  for  comparing  the  cost  in  cents  per  mile 
of  the  different  cars.  All  cars  of  the  same  make  are  shown  together 
on  the  chart,  thus  giving  a  very  graphic  comparison  of  costs.  The 
monthly  cost  for  each  car  is  shown  by  means  of  a  dotted  line,  while 
the  cost  for  the  period  is  shown  by  a  solid  line.  For  example,  Ford 
No.  9  cost  9  cts.  per  mile  to  operate  during  August  and  8  cts.  per  mile 
during  the  first  eight  months  of  1916.  This  chart  is  made  up  every 
month,  there  being  one  form  for  each  month  in  the  year. 

Fig.  22  shows  the  cost  in  cents  per  mile,  and  the  miles  per  gallon  of 
gas.  A  separate  form  is  used  for  each  car,  each  form  covering  a  year's 
record  by  months.  This  chart  shows  very  graphically  the  fluctuations 
in  costs,  month  by  month,  and  readily  points  out  unusual  operating 
conditions. 

The  charts  are  drawn  on  sheets  8^x4  in.  so  that  they  can  be  con- 
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veniently  carried  in  the  pocket  or  filed  in  the  pigeon-hole  drawers 
found  in  most  roll-top  desks. 

In  order  to  avoid  the  necessity  of  preparing  new  forms  for  the  charts 
every  month,  the  drafting  department  made  negatives  from  a  tracing 
of  the  printed  matter  and  co-ordinate  lines.  From  these  negatives  as 
many  black-and-white  prints  can  be  made  as  desired.  This  leaves  only 
the  curve  lines  to  be  drawn  in  each  month. 

Fig.  22  shows  a  rather  complete  graphic  record  of  auto  costs.  A 
separate  chart  is  made  up  for  each  car  in  operation  and  covers  a  year's 
record  by  months. 
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Fig.  21 — Comparison  of  Costs  of  Operating  Motor  Cars 

Costs  are  divided  into  three  parts  as  follows : 

Garage  cost,  including — 
Garage  superintendence 
Mechanics'  time. 


Washers'  time. 
Chauffers'  time. 


Repairs,  including — 

Labor  and  material  used. 

Operating  cost,  including — 
Gasoline. 
Batteries. 
Sundries. 


Lubricants. 
Tires  and  tubes. 


The  idea  of  dividing  the  costs  this  way  was  to  get  at  a  fair  comparison 
of  the  actual  operating  and  repair  cost  of  the  different  cars.     It  is  ob- 
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viously  unfair  to  compare  the  cost  of  operating  two  cars  of  the  same 
make,  when  one  has  a  paid  chauffeur  to  drive  it  and  the  other  has  not. 

The  first  half  of  the  chart  shows  curves  for  the  cost  in  dollars,  divided 
as  explained  above,  and  also  the  total  cost.  The  figures  at  the  top  of 
the  sheet  represent  the  miles  operated  during  the  month.  The  other 
half  shows  the  cost  in  cents  per  mile  for  the  different  divisions. 

The  figure  for  the  month  is  shown  by  means  of  a  solid  curve  line, 
while  that  for  the  period  is  represented  by  a  dotted  curve  line. 

The  period  curve  on  the  "dollars'^  chart  is  purposely  omitted,  as  it 
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Fig.  22 — Monthly  Summary  of  Costs  Classified 

would  necessitate  a  very  long  scale  column,  otherwise  the  readings  would 
be  inaccurate. 

In  the  right  hand  top  corner  of  the  form  the  make  and  serial  num- 
ber of  the  car  is  shown,  together  with  the  driver's  name,  and  the  name 
of  the  individual  or  department  for  whose  use  the  car  is  maintained. 
The  reasons  for  unusual  peaks  of  valleys  in  the  curves  are  noted  on 
the  back  of  the  form. 

The  forms  are  punched  to  fit  a  loose-leaf  binder,  and  are  so  filed  that 
all  the  sheets  for  the  same  make  of  car  are  together.  The  charts  are 
plotted  each  month  as  the  figures  become  available  in  the  accounting 
department. 
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Graphic  Analysis.  One  of  the  most  valuable  uses  to  which  charts 
may  be  put  is  that  of  analysis— the  analytical  study  of  facts  which 
many  times  do  not  adhere  to  any  known  mathematical  law,  but  which 
are  nevertheless  capable  of  being  reduced  to  a  workable  form.  An  ar- 
ticle by  Edwin  D.  Dreyfus,  ''Graphic  Analysis  of  Managerial  Problems," 
published  in  Electrical  World,  October  7,  1916,  gives  several  examples, 
of  the  application  of  the  analytical  method  and  graphic  charts.  An 
editorial  in  the  same  magazine  contains  the  following  helpful  sugges- 
tions. 

Mr.  Dreyfus'  discussion  shows  how  methods  which  appeal  at  once  ta 
the  eye  and  the  intelligence  can  be  utilized  in  co-ordinating  apparently 
intricate  data  so  that  their  true  relations  may  be  seen,  even  when  these 
do  not  apply  strictly  to  engineering  matters  but  to  the  complex  data 
of  business.  Not  only  can  facts  which  to  the  casual  observer  seem  un- 
related be  made  amenable  to  graphical  methods,  but  these  often  serve  ta 
bring  out  correlations  which  are  quite  unsuspected.  Things  apparently 
independent  when  plotted  on  co-ordinate  paper  often  show  a  systematic 
trend  which  points  the  way  to  a  generalization  of  real  value. 

In  working  through  graphics  one  has,  however,  to  be  exceedingly 
cautious  in  certain  particulars,  for  instance,  when  a  set  of  figures,. 
dynamical  or  financial,  are  available  they  are,  so  long  as  they  are  tab- 
ulated, instinctively  taken  merely  at  their  face  value.  When  plotted, 
however,  there  is  a  temptation  to  extrapolation  which  is  well  nigh  irre- 
sistible to  the  untrained  mind.  Sometimes  the  process  can  be  safely 
employed,  but  it  requires  a  rather  comprehensive  knowledge  of  the  facts 
that  lie  back  of  the  data  to  tell  when  to  go  ahead  and  when  to  stop. 

For  example,  take  the  curve  which  represents  the  increase  of  train 
resistance  with  increasing  speed.  The  curve  is  a  rather  gentle  one  and 
as  the  experimental  data  are  generally  not  very  precise  the  points 
secured  from  a  moderate  range  of  speed  can  be  represented  almost 
equally  well  by  a  straight  line  or  by  several  types  of  curve.  If  con- 
tinued in  either  direction  both  line  and  curves  are  likely  to  lead  to  ex- 
ceedingly wild  results,  as  experience  has  amply  shown,  merely  from 
departure  of  the  real  data  from  the  extrapolated  value.  Again,  a  curve 
may  apparently  go  on  from  the  plotted  data  in  a  beautifully  systematic 
manner  with  every  indication  that  it  will  presently  become  asymptotic^ 
only  to  pass  through  a  maximum  and  turn  downward  to  the  utter  con- 
fusion of  hypotheses  drawn  from  its  early  course.  Plenty  of  such  in- 
stances can  be  found  in  engineering  data. 

Again,  even  interpolation  is  not  always  safe,  since  a  curve  not  in- 
frequently undergoes  a  radical  change  of  curvature  at  some  particular 
point  or  points,  resuming  afterward  an  orderly  progression.  In  this 
case  groups  of  points  taken  too  far  apart  and  apparently  quite  con- 
sistent may  lead  to  astounding  blunders.  Instances  of  this  sort  may 
be  found  in  the  curves  connecting  the  velocity  and  air  resistance  of 
projectiles,  speed  and  driving  power  in  ships,  and  in  numerous  other 
instances,  some  of  them  of  a  very  unexpected  character.  Finally  the 
student  of  graphics  must  watch  cautiously  lest  he  be  deceived  into  draw- 
ing a  smooth  curve  which  may  conceal  some  of  the  very  facts  that  he 
sought  to  discover. 

Averages,  in  other  words,  have  a  wonderful  facility  at  covering  up 
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significant  variations  from  them.  These  warnings  do  not  in  any  sense 
detract  from  the  value  of  Mr.  Dreyfus 's  paper,  but  are  merely  pre- 
sented for  their  bearing  on  graphical  practice.  Curves  should  be  used, 
even  much  more  than  at  present,  to  put  in  usuable  form  the  practical 
data  of  engineering,  yet  they  need  careful  scrutiny  in  cases  where  the 
data  are  incomplete  or  where  it  is  difficult  to  see  from  theory  what 
the  general  form  of  the  curve  is  likely  to  be.  Oftentimes  significant 
facts  turn  up  in  plotting  data  to  polar  or  logarithmic  co-ordinates 
which  are  not  at  all  obvious  by  the  ordinary  methods. 

A  portion  of  IMr.  Dreyfus'  article  follows: 

To  appreciate  the  inherent  advantages  of  linear  relationships,  serious 
study  and  thoughtful  attention  must  be  given  the  matter,  in  order 
that  the  perspective  and  inter-relation  displayed  by  a  family  or  group 
of  interdependent  curved  and  rectangular  lines  may  be  fully  grasped. 
The  eye  and  mind  are  readily  trained  to  operate  in  this  realm  con- 
sciously at  first  and  later  intuitively,  with  the  result  that  the  business 
man  and  engineer  will  acquire  a  power  of  judgment  and  insight  in 
making  business  introspection  and  prophetic  anal3^ses  of  a  more  accurate 
ajid  certain  nature  than  obtainable  in-  any  other  way. 

In  various  branches  of  mathematics,  graphic  construction  of  formulas 
provides  a  verj^  instructive  study,  and  in  astronomy,  in  dynamics,  and 
in  many  of  the  practical  sciences  this  moans  furnishes  a  most  profitable 
guide  to  the  solution  of  important  technical  problems.  While  business 
operations  do  not  ordinarily  occur  with  sufficient  regularity  to  permit 
their  results  being  reduced  to  formulas  or  otherwise  being  represented 
by  fixed  conditions,  such  as  a  series  of  curves  and  lines  would  convey, 
averages  in  the  usual  run  of  business  do,  however,  bear  relations  in  such 
ways  that  with  the  aid  of  diagrams  important  deductions  may  be 
made. 

On  account  of  the  diverse  interests  met  with  on  every  hand,  and  the 
great  complexities  of  modern  business  and  engineering,  every  facility 
is  required  to  open  up  avenues  for  a  quick  perception  of  new  situations 
that  may  be  confronted.  Nothing  is  so  illuminating  as  a  set  of  prop- 
erly proportioned  diagrams.  Business  in  the  past  has  contented  itself 
in  the  main  with  tabular  presentation  of  the  trend  of  its  affairs,  and 
habit  is  no  mean  force  to  reckon  with.  However,  graphics  have  such 
practical  significance  in  engineering  work  when  extensively  used  that 
the  regular  routine  of  related  business  is  made  much  more  intelligible 
by  the  adoption  of  this  important  aid.  In  addition  to  the  significance 
of  graphics  in  analytical  work,  it  is  likewise  a  valuable  aid  to  the  mem- 
ory. A  picture  is  manifestly  more  readily  retained  in  mind  than  a 
description  of  the  same  subject,  no  matter  how  vividly  it  may  have 
been  expressed.  A  pictorial  or  diagrammatic  illustration  usually  pro- 
duces a  firmer  and  more  lasting  impression  than  any  composition  of 
words  or  tabulation  of  figures,  however  well  they  may  be  arranged  or 
set  forth. 

The  following  exhibits  taken  at  random  are  illustrations  of  the  em- 
ployment of  graphics  and  emphasize  their  utility  in  pursuing  a  line  of 
reasoning  and  in  expediting  the  reaching  of  conclusions  on  certain 
dubitable  and  unsolved  problems.  The  examples  do  not  begin  to  reveal 
the  wide  use  to  which  diagrams  may  be  applied  and  are  merely  unique 
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<jases,  in  which  it  is  believed  much  work  was  compassed  within  notably 
small  space. 

Example  I. — There  are  instances  where  speedy  substantiating  or  else 
disproving  of  contentions  may  have  a  far-reaching  effect.  Suppose  a 
witness  is  placed  upon  the  stand  in  behalf  of  a  company  opposing  be- 
fore a  public  service  commission  the  granting  of  a  competitive  fran- 
chise. Assume  also  that  the  witness  is  qualified  and  prepared  to  give 
testimony  on  the  condition  of  saturation  of  business  of  the  territory 
involved.  The  average  present  revenue  per  consumer  of  the  different 
classes  (domestic,  commercial  and  power)  of  the  existing  company 
should  have  been  secured  first,  and  likewise  a  complete  canvass  of  all 
prospective  consumers  should  have  been  made.  If,  then,  the  petitioners 
should  claim  that  500  domestic,  395  commercial  and  fifty  power  con- 
sumers were  to  be  obtained,  quick  calculation  of  the  probable  gross 
revenue  is  possible,  as  will  be  seen  by  following  the  dotted  guide  lines 
.a,  h,  c,  d,  e,  /,  reaching  an  aggregate  of  $70,000,  Fig.  23. 

As  an  illustration,  start  at   (a)   with  500  domestic  customers,  from 
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Fig.  23 — Revenue  Chart  for  Various 
Combinations  of  Domestic,  Commercial 
and  Power   Consumers 
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Fi^.  24 — Chart  for  Determining  Cost  of 
Pole  Line  Construction  with  Different 
Combinations  of  Circuits 


which  a  $10,000  revenue  would  be  secured,  the  point  of  intersection  of 
commercial  diagonal  line  with  the  $10,000  line  of  ordinate  indicates  an 
equivalent  of  125  commercial  consumers,  to  which  is  to  be  added  the 
395  already  specified  which,  by  ready  mental  operation,  shows  520  com- 
mercials, which  extended  to  (c)  sums  up  to  $40,000  revenue.  Similarly 
an  intersection  with  the  power  diagonal  at  {d)  determines  an  equivalent 
of  sixty-six  power  consumers  (approximate),  and  adding  the  fifty  al- 
ready given  makes  a  total  of  116  (e),  which  corresponds  to  $70,000 
revenue.  Now  by  reversing  the  process  somewhat,  and  assuming  that 
$90,000  annual  revenue  is  essential  for  the  security  of  a  ''paralleling" 
investment,  and,  further,  that  it  had  been  so  far  claimed  that  fifty 
power  consumers  and  585  commercials  could  be  booked,  by  employing 
the  diagram,  and  as  indicated  by  guide  lines  a',  V ,  c\  d\  e\  /',  it  is  at 
once  apparent  that  750  domestic  consumers  in  addition  would  be  neces- 
sary to  provide  the  required  $90,000  revenue.  (The  method  of  sub- 
traction and  division  on  the  chart  is  the  opposite  of  that  just  described 
for  multiplication  and  addition,  as  will  be  evident.)     The  impossibility 
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of  attaining  the  $90,000  revenue  would  promptly  prove  the  venture  to- 
be  unprofitable.  Numerous  other  conditions  could  be  likewise  worked 
out  rapidly  when  charts  showing  graphical  relations  are  employed. 

Example  II. — In  such  cases  as  the  above,  numerous  other  diagrams, 
could  be  developed  to  enable  quick  analj^sis  and  estimating  of  the 
amounts  involved  in  a  proposed  second  utility's  system,  and  Fig.  24 
is  a  striking  example.  Approximate  costs  of  the  overhead  distribution 
system  could  be  figured  immediately,  as  the  extent  of  the  line  to  be 
built  was  stated.  An  assumed  mile  of  two  No.  4  wires,  four  No.  6  and 
six  No.  4  might  be  taken  for  illustration  as  being  under  discussion.  The 
pole  line  cost,  to  some  extent,  is  practically  the  same,  irrespective  of  the 
number  of  wires  strung.     Then  by  equilateral  triangulation  centered 
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Fig.  25— Balance  of  Total  Generation 
Costs  in  Oas  and  Steam  Plants  with 
Variable  Fuel  Prices  and  Lroad  Factors 
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about  the  origin  or  axis  0,  the  results  are  obtained  for  any  combination 
of  wires. 

For  example,  assume  the  equivalent  to  be  two  No.  4,  four  No.  6  and 
six  No.  4  wires.  For  two  No.  4  wires  as  at  (a)  a  value  at  (&)  is  found 
on  the  vertical  dollar  scale  {OX),  or  by  45  deg.  diagonals  the  same  valuo 
at  (V)  on  the  identical  horizontal  dollar  scale  {OY).  To  add  for  four 
No.  6  at  (c),  which  corresponds  to  {d)  on  the  OX  scale,  and  avoid 
duplicating  cost  of  common  pole  supports,  the  line  (ccZ)  is  projected 
horizontally  until  it  intersects  the  vertical  line  Ve)  and  as  will  be  ob- 
served on  close  inspection  the  chord,  {Ve)  is  the  increment  of  cost  due 
to  the  four  No.  6  wires.  By  projecting  the  point  (c)  on  the  diagonal 
lincj  to  either  (/)  on  scale  (OX),  or  (/')  on  scale  iOY),  the  cost  of  the 
line  is  obtained.     Proceeding  in  the  same  way  to  add  the  additional  six 
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No.  4  wires,  we  take  (h)  and  project  through  (^)  to  the  intersection  of 
(f'J),  ifj)  being  the  increment  due  to  the  six  No.  4  wires,  and  running 
diagonally  from  (j)  to  either  (fc')  or  (k)  the  final  result  for  this  ex- 
ample is  derived.  Any  scheme  of  wire  lines  may  be  thus  speedily  solved 
for  cost  by  referring  to  such  a  chart. 

Example  III.  About  five  years  ago  the  economic  position  of  the  gas 
power  plant  was  not  fully  appreciated.  Owing  to  the  difference  in  in-, 
vestment  and  operating  costs  between  the  steam  turbine  and  gas  power 
plants,  the  respective  size,  load  factor  and  cost  of  fuel  influenced  their 
comparative  ultimate  economies.  An  exhaustive  study  was  made  of  the 
subject  and  conclusions  as  reproduced  in  Fig.  25  were  obtained,  which 
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Fig.  27— An  Estimate  of  Net  Weekly  In- 
crements in  Revenue  from  Light  and 
Power  Service  for  a  System 


Fig.  28 — Pictorial  Diagram  Suitable  for 
Representation  of  Certain  Data  in  This 
Case   Comparative   Earnings 


were  given  in  detail  by  the  writer  in  the  1911  proceedings  of  the  As- 
sociation of  Iron  and  Steel  Electrical  Engineers.  Curves  are  drawn 
for  different  sizes  of  plants,  and  plotted  against  the  ordinate  scale  for 
•cost  of  fuel  and  the  abscissa  scale  for  load  factor.  The  territory  lying 
above  the  respective  curves  shows  the  economical  field  for  the  gas-pro- 
ducer power  plant  and  below  for  the  steam  turbine  plant.  In  this  way 
the  results  of  a  variety  of  conditions  are  concentrated  in  one  diagram 
in  what  is  believed  to  be  an  entirely  plear  manner  that  permits  ready 
interpretation. 

Example  IV.  The  diagram  of  Fig.  26  brings  out  the  relative  situation 
of  isolated  power  plant  costs  versus  purchased  energy  under  certain  as- 
sumed conditions.  The  discussion  here  centered  about  the  question  >  as 
to  whether  it  was  advisable  to  install  machinery  to  minimize  the  peak 
load  created  on  the  power  company's  system.     It  would  appear  from 
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this  chart  that  the  additional  investment  and  complications  would  not 
be  justified  under  the  assumed  circumstances. 

Example  V.  In  Fig.  27  a  simple  case  of  plotting  fluctuations  of  bus- 
iness returns  from  week  to  week  is  presented,  with  the  addition,  how- 
ever, of  an  auxiliary  curve  which  shows  the  accumulated  or  mass  aver- 
age and  brings  out  clearly  the  trend  either  in  .the  direction  of  an  im- 
provement or  a  decline  in  results. 

Example  VL  Often  a  pictorial  diagram  or  chart  such  as  shown  in 
Fig.  28  produces  a  quicker  perception  of  the  conditions  than  the  aver- 
age mind  may  obtain  from  a  mere  line  diagram.  Variations  in  charts 
of  this  kind  can  be  devised  in  great  numbers  according  to  nature  of 
information  and  features  it  may  be  desired  to  illustrate. 

Graphic  Analysis  of  Manufacturing  Costs.  The  following  is  from 
an  article  by  C.  W.  Starker,  ''Analyzing  ^lanufacturing  Costs  to  In- 
crease Profits,"  published  August,  1917,  in  Industrial  Management. 
In  mapping  out  a  campaign  intended  to  increase  profits  from  the  manu- 
facture and  sale  of  apparatus  by  analyzing  factory  costs  my  experience 
indicates  the  desirability,  first,  of  limiting  the  scope  of  the  investiga- 
tion. This  is  particularly  true  in  the  case  of  large  corporations  manu- 
facturing a  varied  product.  It  means  to  concentrate  your  attack  upon 
a  specific  line  of  apparatus,  a  specific  class  of  product  at  a  time.  The 
next  general  rule  is  to  begin  the  investigation  with  a  broad  survey  of 
the  field  and  gradually  to  narrow  down  the  issue  point  for  point  to 
smaller  and  smaller  parts  or  details,  until  the  smallest  operation  has 
been  seg'regated  and  put  under  the  microscope. 

Following  this  procedure  with  the  product  of  a  company  manufac- 
turing, for  example,  steam  turbines,  gas  engines  and  air  compressors, 
it  would  be  advisable  to  limit  the  scope  of  an  investigation  according 
to  the  class  of  product  to,  say,  steam  turbines,  and  within  this  class  tO' 
a  certain  range  of  sizes  and  capacities.  The  logical  sub-division  of  sizes 
usually  indicates  itself  quite  naturally,  being  defined  by  groups  of 
manufacturing  sections,  which*  depend  on  tool  equipment  and  handling 
facilities.  Another  example,  a  company  manufacturing  alternating  and 
direct  current  electrical  apparatus,  motors,  switches,  arc  lamps,  and 
what  not.  Before  beginning  an  investigation  I  would  suggest  taking 
one  class  of  the  product  at  a  time,  say  direct  current  motors,  and  limit 
this  further,  for  example,  to  sizes  from  2  to  100  horsepower. 

The  next  step,  a  broad  survey,  involves  answering  the  questions: 
"What  is  the  amount  of  business  done  by  the  company  per  year  in  this 
line,  and  what  is  the  total  business  available  in  this  field;  that  is,  the 
total  buying  capacity  of  the  market?  Sales  department  records  are  ex- 
pected to  supply  the  answer  to  both  of  these  questions  and  with  such 
figures  it  can  readily  be  shown  what  percentage  of  the  business  has 
actually  been  secured  in  the  past,  as  well  as  what  should  be  the  com- 
pany's share,  that  is,  what  may  justly  be  expected  or  at  least  aimed  at. 
These  data  furnish  a  general  indication  of  the  status  of  affairs  and  arer 
desirable  knowledge  in  starting  an  analysis  of  manufacturing  costs, 
even  though  the  cure  or  improvement  may  partly  lie  outside  the  pro- 
vince of  manufacturing  costs,  being  influenced  by  sales  policy  or 
financial  conditions  of  the  company.  The  percentage  of  profit  from 
sales  should  be  registered  in  a  similar  way  giving  an  average,  for  the 
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range  of  product  under  analysis,  as  actually  secured  profits  and  as 
profits  which  may  reasonably  be  expected.  Competitor's  prices,  costs 
and  profits,  if  available,  may  also  be  used  for  comparison. 

The  next  step  in  narrowing  down  the  field  is  to  segregate  the  differ- 
ent sub-divisions  of  the  product  further.  They  may  be  divided,  for 
instance,  according  to  service  characteristics  or  performance  character- 
istics of  the  apparatus.  To  illustrate  what  is  meant  take  again  the 
example  of  electric  motors.  I  would  suggest  sub-dividing  the  main 
division  of  direct  current  motors  further  according  to  service  charac- 
teristics in  machine-tool  motors,  crane  motors,  elevator  motors,  etc.,  to 
find  out  what  relative  importance  attaches  to  each  group,  what  percent- 
age of  available  business  is  secured,  what  costs,  profits  and  selling  prices 
prevail.  Similarly,  according  to  performance  characteristics  they  might 
be  divided  in  various  ways,  for  instance,  according  to  voltage  or  speed 
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Fig.  29 — Relative  Importance  of  Various 
Sizes  by  Numbers  Sold  Per  Year  and 
by  Annual  Sales  Value 


Fig.  30 — Relative  Importance  of  Various 
Modifications  on  Each  Frame  Size  by 
Numbers  Sold  Per  Year,  and  by  An- 
nual Factory  Cost 


characteristics,  that  is,  constant-speed,  adjustable-speed,  varying-speed 
motors,  etc.  In  each  case  the  purpose  in  mind  is  to  bring  out  the  re- 
lative importance  and  the  relative  need  for  improvement  so  as  to  direct 
our  efforts  in  the  coming  detailed  analysis  to  the  point  most  in  need 
and  most  profitable. 

This  relative  importance  is  best  brought  out  in  graphic  form  as  in- 
dicated in  Fig.  29  in  which  the  different  sizes  of  a  line  of  apparatus 
are  plotted,  first  according  to  number  of  units  sold  per  year  for  each 
size,  then  according  to  their  annual  sales  value  -or  annual  factory  cost. 
The  annual  profits  for  each  size  may  well  be  shown  on  the  same  curve. 
In  a  similar  manner  Fig.  30  is  given  to  illustrate  the  relative  import- 
ance according  to  classes  of  service  of  apparatus,  giving  again  the  num- 
ber of  units  sold  and  the  annual  factory  cost  of  these  units  for  each 
curve.  (The  values  used  in  the  curves  are,  of  course,  fictitious  and 
merely  used  as  illustration).     The  story  told  by  these  curves  will  be 
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understood  without  much  explanation.  There  may  be  some  surprises 
in  what  such  curves  reveal;  it  may  be  shown  that  in  some  instances 
the  investments  made  for  certain  sizes  are  not  warranted  by  the  sales, 
or  that  other  sizes  of  which  great  quantities  are  sold  would  warrant 
much  better  tooling-up,  necessitating  quite  different  arrangements  in 
manufacture  more  in  keeping  with  the  selling  possibilities. 

After  data  such  as  these  have  been  secured  the  first  general  survey 
may  be  considered  completed.     We  have  secured  a  general  outlook  over 

WORKS  DEPARTMENT— SUMMARY  COST  SHEET 


Apparatus— Commutator 

Piece:    No.  143,291 

Date:     May  1st,  1917 

Dwg.  and 

Item  Cost 

Refer. 

i 

m 
% 

.£3 
02 

Labor 
% 

Overhead 

Material 

1 

Part— Operation 

% 

% 

WeiPTht 
Kind 

COFt 

I^er 
lb. 

Value 

$ 

fo 

Bush,  P  No.  145,487.... 

Bore   and   Face 

Turn    and    Thread.. 

325,617-3 
OP  No.  76,329 
•*        76,330 
76,750 
212,597-5 
OP  No.  76,325 
76,326 
175,698-3 
OP  No.  15,982 
11,297 
"        11,298 

315.'452-^ 

241,375-2 

OP  No.*  76,485 
241.375-3 

225"640-'7 

DP  No.  76,446 

76,447 

"        76,448 

76,419 

"        99.675 

1 

"i 
"i 

->3 
33 

i 

2 

i 

S-51 
S-51 
S-51 

S-51 
S-51 

S-52 
S-52 
S-52 
H-21 
H-21 
H-21 

P-17 

E-21 
E-21 

S-51 

E-21 
E-21 
E-21 
E-21 
E-21 

T-32 
T-32 
T-32 
T-32 
T-32 

—.079 
.100 
.082 

—.039 
.066 

—.038 
.013 
.013 
.010 
.001 
.001 

—.060 

—.037 
—.037 
—.037 
—.095 

—.080 
.030 
.018 
.010 

—.186 
.127 
.082 
.069 
.150 

1.460 

100 
100 
100 

100 
100 

100 
100 
100 
250 
175 
175 

150 

60 
60 
60 
100 

60 

150 
150 
150 
150 
150 

-.079 
.100 
.082 

—.039 
.066 

-.038 
.013 
.013 
.025 
.002 
.002 

-.090 

—.023 
.023 
.023 

—.095 

-.048 
0.18 
.012 
.006 

—.279 
.191 
.123 
.104 
.225 

1.719 

5.5M.1. 
2.25M1. 

H.R.S. 

6.7 
1.1 
5.6 

.382 
.50 

.04 
.04 

.015 

.22 
.10 

.99 
.90 

-.220 
—.090 

-'.026 

i.27 
-.378 
— !d20 
—.460 

-.74 

Ring,   P   No.   145,702.... 
Bore  and  Face   

-.30 

Unit.  P  No.  236.751  .... 
Bore,    Face,    Tap... 
Turn 

Drill     

Drop  Forge   

Trim     

Punch 

-.195 

Bars,  Gauge  No.  42,975. 
Blanking     

1.42 

Mica  Strips.   P   No. 
145.371     

Mill     

Cut     

Saw    

-.56 

Build     

—.21 

Mica-y  Rings,    P    No. 

145.372     

Mould      

Saw      

Build  up  blank  .... 

Finish     

Assembling     

Build   &  Assemble.. 

-.68 

Slot    

Finish     

1.536 

Heat  and   Press   ... 

Totals    

2.4C4 

5.C4 

Fig.  31 — Specimen  of  Cost  Data  Segregated  by  Operations 


the  situation  and  can  now  make  a  more  detailed  study  of  the  cost  of 
manufacture.  The  figures  for  factory  costs  used  in  the  investigation 
up  to  this  point  are  those  compiled  in  regular  routine  by  the  various 
divisions  of  the  cost  department.  Such  figures  are  subject  to  more  or 
less  correction  and  revision,  as  inconsistencies  and  minor  errors  are  un- 
fortunately unavoidable,  so  long  as  a  large  amount  of  work  must  be 
handled  by  clerks  who  are  not  expected  to  critically  judge  every  figure 
turned  in  from  feeder  sections.     For  the  general  survey  these  figures 
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were  close  enough,  but  for  a  detailed  analysis  it  is  necessary  to  review 
them  critically. 

To  do  this,  it  is  not  necessary  to  take  the  great  mass  of  cost  figures 
involved  in  a  large  line  of  apparatus,  such  as  in  the  example  above 
used  for  reference,  where  there  may  be  over  1,000  ratings  of  direct- 
current  motors,  all  built  along  similar  lines  but  differing  in  size  and 
some  of  the  details.  It  is  better,  in  fact,  to  select  only  a  comparatively 
few  representative  cases,  say  10  or  20,  and  make  the  review  of  the 
figures  that  much  more  thorough.  With  reliable  figures  once  established 
for  a  few  sizes,  selected  over  the  entire  range,  it  is  a  matter  of  duplica- 
tion to  correct  the  figures  for  the  entire  line  on  the  same  basis. 

For  these  representative  cases  it  has  been  found  most  desirable  to 
record  the  cost  of  the  corresponding  component  parts  of  aU  sizes  to- 
gether, rather  than  take  all  the  incongruent  parts  of  one  unit  of  ap- 
paratus ;  that  is,  take  the  ten  bearing  sizes  involved,  then  the  ten  frames, 
ten  shafts  and  so  on.  The  cost  of  each  piece  is  then  listed  by  operations, 
giving  labor,  material  and  overhead  expense  for  each  operation,  noting 
at  the  same  time  the  quantity  of  material,  kind  of  material  and  base 
price  used.  For  ex'ample,  for  a  forging  or  casting  the  rough  weight 
and  finished  weight  should  be  given,  the  price  per  pound  and  the  allow- 
ance for  scrap  material  per  pound.  Further,  there  should  be  given  the 
shop  section  where  the  operation  is  performed  and  the  overhead  per- 
centage used.  It  is  desirable  to  note  all  these  details,  so  that  in  case 
of  a  change  in  material,  price  or  overhead  percentage,  the  figures  can 
readily  be  revised  and  used  for  reference  at  a  later  date.  In  the  table 
Fig.  31  a  summary  cost  of  a  commutator  is  given  as  an  example.  It 
will  be  noted  that  labor  rates  (hourly,  piece  or  premium  work)  and 
time  per  operation  are  not  given.  In  many  cases  it  will  not  be  neces- 
sary to  investigate  the  rates,  but  for  those  cases  which  appear  unreason- 
able and  capable  of  improvement  further  analysis  as  to  time  and  labor 
rate  will  follow  later. 

The  term  "material"  in  the  above  is  understood  to  mean  actual  raw 
material  as  purchased  from  outside  concerns  and  without  any  feeder 
section  labor  performed  on  it.  This  is  mentioned,  because  sometimes, 
it  is  the  practice  to  use  the  term  material  for  semi-finished  parts  re- 
ceived by  the  assembling  section  from  feeders.  An  addition  is  fre- 
quently made  to  the  cost  of  raw  materials,  such  as  wire  cables,  pipe,  , 
etc.,  to  cover  the  loss  from  short  ends. 

After  corrected  costs  have  been  obtained  along  these  lines,  it  is  best 
to.  show  the  results  graphically  before  making  any  particular  attempt 
at  reducing  the  costs ;  that  is,  content  ourselves  for  the  time  being  with 
setting  down  the  facts  correctly  and  in  detail.  If  the  total  costs  of 
material,  total  labor  and  total  overhead  expense  are  determined  for 
each  of  the  ten  sizes  selected,  it  is  possible  to  plot  a  series  of  curves  as. 
shown  in  Fig.  32.  The  first  curve  from  the  bottom  shows  the  cost  of 
material.  Over  this  curve  is  plotted  the  amount  of  labor,  so  that  the 
vertical  distance  between  the  two  curves  represents  the  labor  cost.  In 
the  same  manner  is  added  the  overhead  expense  in  vertical  lines,  so 
that  the  resulting  third  curve  represents  material  plus  labor  plus  over- 
head ;  that  is,  the  factory  cost.  This  curve  is  the  true  factory  cost,,  as 
existing  at  the  time  and  before  any  improvements  are  made  other  than 
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the  careful  cheek  of  each  item  of  cost.  If  we  add  to  the  factory  cost 
the  percentage  of  selling  expense  the  fourth  curve  shows  the  com- 
mercial cost.  On  the  same  sheet  is  then  plotted  the  regular  listed  sell- 
ing price  and  the  minimum  selling  price  as  granted  under  special  con- 
tracts to  large  customers.  The  vertical  distances  between  the  last  two 
curves  show  then  the  profits  at  minimum  and  regular  sales  price,  as 
well  as  the  rebates  used. 

The  further  steps  in  the  analysis  are  largely  a  matter  of  correctly 
interpreting  the  various  points  brought  out  by  the  curves.  Beginning 
with  the  first  curve — material — we  may  ask  ourselves,   does  this  ma- 
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ri<?.  32 — Material,  Labor,  Overhead,  Fac- 
tory Cost,  Commercial  Cost  and  Sell- 
ing Prices 

terial-cost  bear  the  proper  relation  to  the  total  factory  costs  ?  This  may 
best  be  determined  by  comparison  with  other  lines,  perhaps  older  types, 
and  a  curve  drawn  showing  the  per  pound  cost  of  apparatus  of  various 
capacities.  This  per  pound  cost  obviously  cannot  be  a  constant  factor, 
as  in  large  units  the  material  cost  will  be  found  to  constitute  a  larger 
part  of  the  total,  while  the  labor  does  not  increase  in  direct  proportion 
with  increasing  size  of  apparatus.  The  material  cost  may  further  be 
divided  into  kinds  of  material,  for  instance,  copper,  cast  iron,  forged 
steel,  etc.  This  is  best  done  for  a  given  unit  of  completed  apparatus 
and  in  graphic  form  as  shown  in  Fig.  33.  A  segregation  in  active  and 
inactive  material  is  of  particular  interest.  Such  a  division  can  be 
made  with  most  classes  of  apparatus.  To  adhere  to  our  example  of 
electric  motors,  the  active  material  would  be  that  part  which  is  actually 
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used  in  producing  or  carrying  current  or  magnetic  flux,  such  as  punch- 
ings,  windings,  etc.,  while  under  inactive  material  would  be  listed  bear- 
ing brackets,  bearings,  bedplates,  etc.  There  should,  in  a  well  propor- 
tioned design,  be  a  certain  relation  between  the  two.  This  may  readily 
be  checked  by  reference  to  the  curves  or  diagrams  for  similar  apparatus. 
Further  there  should  be  a  definite  relation  between  the  amount  of  cop- 
per and  iron  used  in  an  electric  machine  of  given  size  and  characteristics. 
Their  proportion  may  be  influenced  to  an  extent  by  the  relative  cost  of 
the  two  materials,  as  with  a  radical  change  in  their  cost-relation  a  re- 
Tision  of  the  design  may  be  called  for  to  allow  the  machine  to  remain 
economical  in  production  and  be  marketable. 

Keturning  to  Fig.  32  the  curves  for  material  and  labor  indicate 
whether  or  not  there  is  a  consistent  gradual  increase  in  these  items  with 
increasing  size  of  apparatus,  that  is,  whether  or  not  design  and  manu- 
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Fig,    33 — Proportion    of   Active   and   In- 
active Material 


facturing  methods  are  uniform  and  consistent  or  whether  some  sizes 
are  out  of  line  in  one  or  the  other  respect.  Further  we  may  read  from 
the  curves  whether  the  overhead  percentage  is  distributed  properly  over 
the  range  of  sizes,  that  is,  in  keeping  with  the  actual  conditions.  Smaller 
sizes  produced  in  large  quantities  may  require  less  supervision,  less  ex- 
pense for  upkeep  of  tools,  for  handling  facilities,  etc.  In  other  words, 
it  may  be  that  a  graded  percentage  of  overheads  should  be  used,  the 
higher  percentage  for  the  larger  sizes,  requiring  greater  tool  investment, 
larger  floor  space  and  handling  facilities,  perhaps  special  attention  from 
foremen  and  inspectors.  In  a  similar  manner  the  proportioning  of 
selling  expense  or  rebates  for  smaller  and  larger  units  is  made  clear 
by  the  curve.  The  question  of  a  logical  selling  price,  that  is,  a  price 
in  keeping  with  the  cost  of  production  may  be  raised  and  improvements 
taken  up,  in  so  far  as  market  conditions  will  permit.  As  a  rule  uni- 
formity of  profits  for  all  sizes  of  a  line  is  not  obtainable  in  practice. 


200  HOW  TO  MAKE  AND  USE  GRAPHIC  CHARTS 

rather  we  must  start  out  from  a  given  market  price  and  attempt  tO' 
bring  the  cost  of  our  product  in  line. 

It  is  of  course  not  possible  in  an  article  like  this  to  discuss  all  these 
points  in  detail.  Some  of  these  questions  represent  in  themselves  quite 
formidable  problems  and  they  are  here  merely  referred  to,  without  fur- 
ther discussion.  Cost  analysis  data  furnish  valuable  pointers  and  helps 
to  their  solution. 

The  further  steps  in  the  cost  analysis  are  of  particular  importance. 
They  comprise  a  detailed  study  of  the  manufacturing  operations  listed 
on  the  summary  cost  sheet  for  each  component  part  of  each  size.  While 
it  is  not  possible  to  state  exactly  what  should  be  done  in  each  individual 
case,  the  analysis  should  in  general  first  determine  if  the  operations 
performed  are  necessarj-,  if  they  are  performed  in  the  proper  sequence 
without  avoidable  handling  and  delay  to  production,  whether  or  not 
proper  machine  tools,  fixtures  and  other  equipment  are  used.  Time 
studies  on  different  machines,  changes  in  designs  or  materials  may  be 
made  involving  building  of  experimental  apparatus  and  tests  to  try  out 
and  prove  the  various  suggestions.  A  study  of  new  materials  or  new 
treatment  of  materials  frequently  yields  good  results.  Purchasing 
methods  may  come  under  consideration,  improvements  in  preparing  and 
transmitting  of  shop  information. 

These  few  items  are  enough  to  indicate  that  a  thorough  analysis 
reaches  into  practically  every  activity  of  the  different  departments  of  a 
manufacturing  organization.  It  cannot  be  expected  that  any  one  man 
possesses  a  thorough  knowledge  of  all  these  specialized  fields.  It  is  neces- 
sary, therefore,  for  those  making  the  investigation  to  take  up  the  various 
points  with  those  specializing  directly  on  the  subject.  The  metallurgist 
or  chemist  is  consulted  on  questions  of  material,  the  supervisor  of  rates 
will  handle  the  time  studies,  and  so  on.  Frequently  this  work  of 
analyzing  costs  is  handled  by  a  committee  appointed  for  the  purpose  and 
consisting  of  representatives  of  the  different  departments  interested, 
such  as  engineering,  works  and  sales  department.  To  secure  results, 
however,  it  is  necessary  to  have  one  man  act  as  the  leader,  who  must 
keep  up  interest  in  the  work  and  be  sufficiently  broad  to  take  the 
initiative  or  to  judge  suggestions  made  by  others  even  in  the  more  spe- 
cialized fields  not  directly  in  his  province.  A  certain  amount  of  tact 
and  diplomacy  is  required  to  insure  willing  and  active  co-operation. 

Having  then  completed  the  investigation  and  before  making  any 
changes  in  manufacture  or  design  a  complete  report  should  be  drawn 
up  stating  the  improvements  recommended  and  containing  a  conserva- 
tive estimate  of  whatever  differences  in  cost  there  may  be.  A  careful 
estimate  should  be  prepared  of  the  expense  involved  in  carrying  out 
the  recommendations,  including  cost  of  tools,  etc.  All  changes  recom- 
mended should  be  carried  out  as  much  as  possible  at  one  time  after 
proper  authorization  has  been  given  by  the  management  so  as  to  min- 
imize the  expense  and  upsetting  of  production. 

To  add  to  the  value  of  the  cost  analysis  it  is  desirable  to  keep  a  per- 
manent record  of  the  fluctuations  of  manufacturing  costs.  This  is  best 
done  in  the  form  of  curves  which  extend  over  a  long  period  of  time 
and  indicate  at  a  glance  the  lowering  of  cost,  as  the  results  of  an 
analysis  gradually  become  apparent  in  the  cost  returns  from  the  works 
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department.  If  there  are  increases  in  cost  due  to  changes  in  material 
price,  labor  rates  or  overhead  conditions  this  will  be  apparent  from 
the  curves,  indicating  perhaps  the  need  of  further  steps  for  improve- 
ments under  the  changed  conditions.  Fig.  33B  illustrates  such  curves, 
the  cost  status  per  unit  being  recorded  in  half-yearly  intervals  for  each 
size.  A  curve  of  totals  on  the  same  sheet  is  intended  to  tell  a  more 
complete  story  by  giving  the  total  factory  cost  taking  into  account  the 
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Fig.  33B — Curves  Showing  Fluctuations 
of  Factory  Costs 


number  of  units  sold  of  each  size.  The  number  of  units  sold  is  included 
in  order  to  bring  out  the  complete  results,  rather  than  the  cost  of  units, 
some  of  which  are  more  important  than  others  from  a  standpoint  of 
quantities  sold.  It  is  necessary  and  sufficiently  accurate  to  assume  a 
fixed  number  of  units  sold  per  year  for  each  size,  in  order  to  have  the 
totals  at  each  time  period  expressed  on  the  same  basis  for  direct  com- 
parison. 

Manufacturing  Costs.  In  an  article,  ''How  to  Find  and  Use  Baro- 
metric Costs,"  published  in  Industrial  Management,  August,  1918,  Mr. 
Starker  describes  a  system  for  determining  fluctuations  in  factory  costs 
when  materials,  wages  and  overhead  are  changing.  The  following  is 
quoted : 

The  basic  idea  is  to  provide  a  flexible,  sensitive  method  of  telling 
immediately  the  influence  of  market  and  manufacturing  conditions  upon 
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selling  price  and  profits,  much  as  a  barometer  indicates  the  trend  of 
the  weather  on  the  basis  of  changes  in  atmospheric  conditions.  So  far 
as  material  is  concerned  our  purpose  is  accomplished  by  segregating 
first  the  various  kinds  of  material  used  in  the  apparatus,  giving  the 
number  of  pounds  gross  weight  for  each  and  the  base  price  and  total 
value  of  each  material  at  a  certain  date.  Any  corrections  or  revisions 
of  these  figures,  from  time  to  time,  are  entered  in  the  succeeding  columns,. 
giving  the  date  when  the  correction  was  made.  Similarly  we  record  in 
the  table  the  different  departments  performing  work  on  the  apparatus 
and  give  the  amount  of  flat  labor  cost  in  each  department.  The  correc- 
tions are  made  in  succeeding  columns  at  different  dates  as  may  be- 
come necessary  by  a  change  occurring  in  the  labor  rates.  Next  we  give 
the  overhead  percentages  used  for  each  department  at  a  given  date 
and  the  total  amount,  making  again  corrections  as  they  become  neces- 
sary. From  these  figures  the  total  amount  of  change  in  material  or 
labor  cost  and  overhead  can  be  calculated  quickly  and  a  percentage 
established  for  the  total  increase  or  decrease  relative  to  the  previous 
factory  cost  of  the  individual  unit.  With  the  barometric  cost  system 
a  number  of  typical  sizes  or  ratings  are  selected,  and  percentages  of 
increase  or  decrease  are  calculated  for  each  of  these  and  it  has  been 
found  that,  with  a  uniform  design  and  construction  of  all  sizes,  inter- 
polation permits  a  very  satisfactory  and  sufficiently  accurate  calcu- 
lation of  the  new  factory  cost  for  all  the  intervening  sizes.  The  main 
advantage  and  object  of  this  barometric  cost  system  is  that  these  fig- 
ures are  obtained  at  a  moment's  notice  for  any  condition,  existing 
or  anticipated,  of  the  labor  or  material  market  and  for  any  of  the 
many  different  sizes.  It  is  not  intended  to  do  away  with  the  thor- 
ough calculation  and  revision  of  all  the  costs  at  reasonable  intervals. 
From  time  to  time  a  thorough  going  over  of  all  the  detail  figures  is, 
of  course,  required  for  all  the  typical  cases  selected  as  "barometer 
units.''  The  intention  is  merely  to  lengthen  these  intervals  and  to  pro- 
vide a  ready  means  for  taking  into  account  changing  conditions  of  basis 
costs,  so  as  to  obtain  a  factory  cost  sufficiently  accurate  for  use  as  a 
basis  for  establishing  selling  prices  and  for  billing  to  the  general  stores. 
In  Fig.  34  is  illustrated,  as  an  example,  assumed  changes  in  the  cost 
of  raw  material,  labor  and  overhead,  giving  also  the  selling  expense, 
profit  and  sales  price  at  assumed  different  periods  of  the  year.  From 
the  foregoing  the  curves  will  be  readily  understood.  The  values  are 
plotted  in  cumulative  form,  that  is,  the  vertical  distances  between  the 
curves  give  the  amount  of  the  particular  item  and  these  values  are 
added  to  one  another.  The  rise  in  cost  is  indicated  by  the  difference 
in  the  length  of  the  ordinates.  Changes  in  prices  of  various  materials 
may  occur  at  different  times  as  will  be  noted  in  the  curves.  The  effect 
of  a  sudden  increase  in  labor  rates  is  also  shown.  The  average  over- 
head percentage  may  actually  be  lower  due  to  increased  production, 
but  it  will  be  noted  in  the  curves  that  the  actual  amount  of  overhead 
expense  absorbed,  that  is,  the  product  of  flat  labor  and  the  overhead 
percentage  still  shows  an  increase.  A  similar  consideration  applies  to 
the  percentage  and  actual  amount  of  selling  expense,  justified  by  the 
fact  that  these  expenses,  due  to  general  conditions,  increase  more  than 
proportionately  to  the  increase  in  volume  of  business. 
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As  the  sales  price  of  necessity  remains  constant  through  a  certain 
period  of  time,  even  though  the  cost  of  a  product  is  creeping  up  con- 
tinuously, it  follows  that  a  point  is  reached  from  time  to  time  where 
the  profit  approaches  zero  and  an  increased  price  becomes  a  necessity. 
This  is  readily  seen  by  reference  to  the  curve.  For  the  price,  sales  and 
executive  departments  it  is  very  interesting  to  follow  on  such  curves 
the  changes  in  the  cost  of  the  product  and  the  influence  of  such  changes 
upon  the  margin  of  profit.  The  curves  tell  at  a  glance  when  an  in- 
crease in  the  same  price  will  become  necessary  to  maintain  reasonable 
profits.     In  these  days  of  rapidly  rising  prices  of  practically  all  com- 
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Fig.   34 — Itemized   Cost  Changes  Per 
Unit 


Fig.  35 — Summary  of  Increases  of  Cost 
for  the  Different  Items  Involved 


modities  the  purchaser  at  times  feels  that  the  increase  is  unwarranted 
and  made  arbitrarily.  A  look  at  the  curve  will  be  more  convincing 
than  many  words  of  apology  on  the  part  of  the  salesman.  He  can  point 
to  the  fact  that  the  increase  -in  sales  price  is  established  in  a  scientific 
manner  and  based  on  unrefutable  facts.  It  may  be  shown,  assuming 
this  to  be  the  case,  that  'as  a  matter  of  fact  the  increase  in  price  has  not 
kept  pace  with  the  increased  cost  of  raw  material  and  labor,  even  if 
those  two  items  were  partly  offset  by  more  efficient  production  and  in- 
creased output. 

While  in  Fig.  34  the  changes  in  cost  are  shown  for  one  unit  of  ap- 
paratus and  recorded  as  they  occurred  from  time  to  time,  in  Fig.  35 
is  a  sort  of  summary.  These  curves  express  the  total  change  between 
the  beginning  and  end  of  a  certain  period  of  time  and  give  the  change 
in  cost  for  all  the  sizes  of  apparatus  selected  as  barometric  units,  three 
for  the  case  in  hand.  Such  curves  are  particularly  instructive  inas- 
much as  they  show  to  what  extent  labor,  material  or  overhead  have 
affected  the  total  result — the  factory  cost — and  also  show  how  a  change, 
for  instance  in  the  cost  of  material,  affects  different  units.     All  values 
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are  plotted  as  percentage  of  increase  or  decrease.  It  will  be  noted  that 
under  the  conditions  assumed  as  basis  for  these  curves,  due  to  increased 
efficiency  in  manufacturing  methods  an  actual  decrease  in  flat  labor 
costs  was  accomplished  in  spite  of  repeated  increases  in  labor  rates  and 
that  this  reduction  affected  the  smaller  sizes  to  a  greater  extent  than 
the  larger  ones.  The  overhead  expense,  therefore,  although  greater  in 
percentage,  showed  no  increase  or  only  a  slight  on.  As  for  material 
it  will  be  noted  that  there  was  a  very  great  advance  in  cost  and  that 
this  item  affected  the  smaller  units  to  a  greater  extent  than  the  larger 
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Fig.  36 — Cost  of  Poles  Per  Mile  with  Two  Siies  of  Wire  and  Different  Ground 

Clearances 


sizes.  This  is  readily  explained  by  the  fact  that  the  larger  units  con- 
tain a  greater  bulk  of  the  cruder  materials.  The  curve  for  factory  cost 
shows  how  the  increase  in  material  prices  has  to  a  certain  extent  been 
offset  by  the  other  factors  mentioned,  and  shows  how  the  percentage 
of  rise  in  the  factory  cost  is  not  uniform  for  all  the  sizes  of  a  line,  but 
that  a  lower  factor  should  be  applied  to  the  smaller  sizes.  Intermediate 
sizes  are  readily  interpolated,  if  the  three  sizes  chosen  are  selected  so 
as  to  fairly  represent  the  lower,  middle,  and  upper  third  of  the  entire 
range  of  sizes.  For  greater  accuracy,  or  where  variations  in  construc- 
tion are  to  be  considered,  it  is  desirable  to  take  more  than  three  repre- 
sentative cases  as  barometer  units. 

Cost  of  Poles  Per  Mile.     An  excellent  example  of  the  value  of  charts. 
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in  cost  analysis  is  given  by  the  following  from  an  article  by  L.  P.  Perry, 
"Iron-Wire  Transmission  for  Rural  Extensions,"  published  October  13, 
1917,  in  Electrical  World. 

The  results  of  the  study  made  by  the  Central  Connecticut  Power  & 
Light  Company  to  ascertain  the  most  economical  pole  spacings  for  iron- 
yf'iYQ  line  construction  are  given  in  Fig.  36.  Selecting  a  given  clearance 
of  18  ft.  from  the  lowest  point  of  the  conductor  to  the  ground,  and 
using  No.  4  bare  conductors,  it  appears  from  the  figure  that  17  35-ft. 
poles  are  required  per  mile,  whereas  22  30-ft.  poles  must  be  used  in 
the  same  distance.  From  the  upper  set  of  curves  it  can  be  seen  that 
the  35-ft.  poles  cost  $167  per  mile,  while  the  30-ft.  poles  would  cost 
$178,  making  the  cost  of  poles  for  an  18-ft.  clearance  6%  cheaper  with 
35-ft.  poles  than  with'  30-ft.  poles. 

With  No.  6  bare  conductors  relatively  larger  sags  would  be  required 
to  keep  the  tension  within  safe  limits.  21  35-ft.  poles  or  27  30-ft.  poles 
would  be  required  per  mile  with  an  18-ft.  clearance  from  wire  to  ground. 
In  this  case  the  pole  cost  would  be  $208  and  $214  per  mile  respectively, 
a  difference  of  only  $6  per  mile;  thus  it  would  hardly  matter  whether 
No.  6  bare  conductors  were  supported  on  35-ft.  or  30-ft.  poles. 

It  was  assumed  when  this  study  was  first  undertaken  that  the  most 
inexpensive  line  would  be  that  built  with  the  shortest  poles,  but  refer- 
ence to  the  upper  set  of  curves  shows  that  for  an  18-ft,  clearance  the 
25-ft.  pole  line  of  33  per  mile  costs  considerably  more  than  a  35-ft.  pole 
line  with  17  per  mile.  At  the  then  existing  cost  of  materials  it  is, 
therefore,  evident  that  it  is  no  more  expensive  to  use  No.  4  conductors 
with  long  spans  than  to  use  a  smaller  conductor  with  shorter  poles. 

Analysis  of  Relation  Between  Electric  Railway  Investment  and 
Traffic  Density.  D.  J.  McGrath  in  an  article,  ''Investment  per  Reve- 
nue Passenger  and  Density  of  Traffic,"  published  in  Electric  Railway 
Journal,  July  8,  1916,  states: 

During  the  past  year,  in  connection  with  the  investigation  which  is 
being  made  of  the  electric  railway  fare  and  traffic  problem,  the  re- 
search division  of  the  Massachusetts  Institute  of  Technology  has  ac- 
quired a  considerable  amount  of  additional  data  along  the  lines  of  the 
actual  investment  in  various  street  railway  companies  and  has  reduced 
these  data  to  the  revenue  passenger  unit. 

As  a  result  of  this  form  of  analysis  it  has  been  found  that  while  there 
is  a  certain  natural  and  proper  variation  in  the  costs  of  constructing 
and  equipping  different  street  railways,  there  appears  to  be,  if  the  data 
available  may  be  considered  fairly  representative,  a  reasonably  con- 
sistent relation  between  the  investment  per  revenue  passenger  and  the 
density  of  traffic. 

In  considering  the  following  discussion  and  statistics,  it  must  be  re- 
membered that  they  are  applicable  only  to  ordinary  street  railways  which 
are  wholly,  or  almost  wholly,  engaged  in  passenger  business  at  small 
unit  fares  such  as  5  or  6  cents.  The  curves  were  derived  from  the  data 
of  thirty-five  different  street  railways,  more  than  half  of  which  are  in 
the  State  of  Massachusetts,  where  the  capitalization  of  the  companies 
has  always  been  limited  to  the  actual  investment  of  money  in  the  prop- 
erty and  has  been  under  the  supervision  of  a  State  commission.  The 
remainder  of  the  companies  included  in  this  study  were  ones  for  which 
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reliable  engineering  appraisals  were  available  in  which  the  investment 
or  the  reproduction  value  had  been  determined.  Systems  serving  various 
classes  of  territory  were  included,  city  suburban  and  rural  lines  all 
being  treated  alike,  but  the  high-speed  interurban  type  of  electric  rail- 
way, which  corresponds  more  nearly  to  the  steam  railroad  type  of 
service,  was  excluded.  No  company  was  included  which  rented  or 
leased  any  considerable  part  of  the  track  or  cars  which  it  operated,  un- 
less the  investment  represented  by  such  rented  property  could  be  de- 
termined and  included.  On  the  accompanying  plots,  the  data  are  spe- 
cially indicated  for  companies  which  purchase  all  or  most  of  their  power, 
and  so  have  little  or  no  investment  in  power  plant.  The  figures  are 
practically  all  from  reports  of  the  years  1914  or  1915. 

The  principal  relation  is  shown  in  Fig.  37.  The  curve  which  has 
been  drawn  in  is  merely  intended  to  guide  the  eye  to  the  approximate 
average  location  of  the  points  and  not  to  represent  any  arbitrarj^  stand- 
ard. Granting  that  the  data  used  are  fairly  typical  of  street  railway 
conditions  generally  in  this  country,  it  may  be  concluded  from  this  plot 
that  the  average  investment  per  revenue  passenger  decreases  as  the 
density  of  traffic  increases  up  to  a  certain  point,  after  which  higher 
traffic  densities  fail  to  cause  any  material  decrease  in  the  investment 
per  passenger.  This  seems  to  indicate  that  in  the  larger  cities,  the 
traction  companies  have  to  put  in  so  much  more  investment  in  heavier 
track,  better  cars,  more  power  plants  and  the  added  track  an*d  equip- 
ment required  for  long  hauls  that  any  advantage  which  might  be  gained 
from  increasing  density  of  traffic  is  offset. 

An  example  of  this  is  shown  by  the  two  points  which  are  considerably 
above  the  average  curve,  one  near  400,000  and  the  other  near  750,000 
revenue  passengers  per  mile  of  single  main  track.  These  points  repre- 
sent the  investment  in  two  very  large  cities  where  long  hauls  are  giveii 
for  the  single  fare  and  where  there  is  a  material  amount  of  unusually 
expensive  construction. 

The  points  for  companies  which  do  not  own  their  power  plants  are 
shown  by  the  hollow  circles  as  distinguished  from  the  other  solid  dots. 
The  former  are  generally  somewhat  lower  on  the  curves  than  the  others, 
as  would  naturally  be  expected. 

It  is  plain  that  the  investment  per  revenue  passenger  is  subject  to 
some  considerable  variation  on  different  systems  even  at  approximately 
the  same  densities  of  traffic,  but  this  form  of  analysis  seems  to  give 
somewhat  more  consistent  results  for  comparative  purposes  than  a  mere 
scattering  of  investment  data  without  reference  to  any  of  the  limiting 
conditions. 

Where  the  density  of  traffic  is  less  than  100,000  revenue  passengers 
per  mile  of  single  main  track,  the  investment  per  revenue  passenger 
becomes  rapidly  greater.  In  fact,  these  statistics  indicate  that  operation 
is  not  so  likely  to  be  profitable  at  5-ct.  fares  where  the  density  of  traffic 
is  much  less  than  100,000  per  mile  of  track. 

When  the  investment  per  passenger  gets  to  be  30  cts.  or  more,  as  it 
evidently  does  at  these  low  densities,  an  average  rate  of  return  of,  say, 
7%  on  investment,  requires  7/100  of  30  cts.,  or  2.1  cts.  at  least,  out  of 
each  passenger's  fare.  Since  a  low  density  of  traffic  also  means  higher 
operating  expenses  per  passenger,  there  is  little  likelihood  of  2.1  cts. 


COSTS  AND  COST  ANALYSIS 


207 


bein^  available  for  return  on  investment  after  the  nickel  fare  has  been 
"split"  for  the  other  expenses.  A  7%  average  return  is  used  here 
merely  as  an  illustration;  it  is  not  intended  to  stand  as  an  arbitrarily 
selected  ''fair"  rate. 

The  general  precept  may  be  laid  down  that  the  more  revenue  pas- 
sengers per  mile  of  track,  the  better  are  the  chances  for  profitable  opera- 
tion. However,  a  practical  limit  is  reached  along  this  line  in  the  opera- 
tion of  street  railways  in  very  large  cities  where  the  length  of  passenger 
haul  for  the  5-cent  fare  becomes  so  great  as  materially  to  reduce  the  earn- 
ings per  car-mile.     Moreover,  when  any  part  of  the  trackage  becomes  so 
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Passenger  Per  Annum  and  Density  of  Traffic  for  Thirty-Five  Typical  Street 
Railways 


congested  that  the  company  has  to  resort  to  the  building  of  subway  or 
elevated  lines  to  handle  the  traffic,  then  the  investment  will  be  abnormally 
increased. 

In  Fio:.  38  there  is  shown  that  part  of  the  investment  which  is  devoted 
to  the  construction  of  road  and  track,  exclusive  of  power  plant  build- 
ings, power  equipment  and  rolling  stock.  The  curve  is  similar  in  shape 
to  the  total  investment  curve  shown  in  Fig.  37  but  of  course  it  is  some- 
what lower  on  the  scale.  All  the  companies  included  in  making  up 
Fig.  37  were  not  included  in  the  construction  of  the  following  charts 
because  the  more  specific  data  required  were  not  available. 

In  Fig.  39  the  other  elements  which  go  to  make  up  the  total  invest- 
ment are  compared  with  density  of  traffic.  These  elements,  however, 
seemed  to  be  somewhat  more  closely  related  to  the  density  of  traffic 
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expressed  in  terms  of  revenue  passengers  per  car-mile,  rather  than  per 
mile  of  track,  although  the  same  general  form  of  relation  naturally 
holds  true  in  both  cases. 

The  old  unit,  investment  per  mile  of  track,  is  also  capable  of  analysis 
with  respect  to  the  density  of  traffic  as  is  shown  in  the  plot  marked 
Fig.  40  which  should  prove  generally  useful  when  considering  statistics 
in  this  form  of  comparison.  The  reasons  for  the  increase  in  invest- 
ment per  mile  of  track  as  the  density  of  traffic  increases  are  not  difficult 
to  explain.  In  the  first  place  track  built  for  dense  traffic  is  generally, 
and  should  be,  of  heavier  and  more  expensive  construction.  The  elec- 
tric line  for  distributing  the  power  along  the  track  must  be  of  greater 
current  carrying  capacity  and  consequently  requires  more  copper. 
These  railways  with  dense  traffic  are  almost  always  in  the  large  cities 
and  towns  where  expensive  paving  is  required  which  is  not  necessary 
in  rural  districts.     Fully  as  important  is  the  fact  that  the  denser  traffic 
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Fig.  39 — Relations  Between  Actual  Costs  of  Equipment,  Etc.,  Per  Revenue  Passen- 
ger and  Revenue  Passengers  Per  Car  Mile 

requires  more  cars  and  power  plant  equipment  for  each  mile  of  track 
operated. 

It  is  not  to  be  supposed  that  these  general  statistics  can  be  used  to 
make  any  definite  or  final  decision  as  to  whether  a  given  company's 
capitalization  represents  a  fair  investment  value  or  not.  Obviously 
there  can  be  no  absolute  statistical  standard  for  determining  investment 
or  fair  value. 

If  in  any  given  case  the  unit  capitalization  falls  above  the  average 
curve  it  is  by  no  means  a  proof  of  overcapitalization.  All  the  condi- 
tions and  local  circumstances  as  well  as  the  past  history  of  the  up- 
building of  the  system  must  be  given  due  consideration.  Indeed,  the 
mere  fact  of  the  data  falling  exactly  upon  the  average  curve  is  not  in 
itself  a  demonstration  that  a  company  is  not  over-capitalized  for  the 
actual  amount,  condition  and  kind  of  property  it  has  on  hand. 

The  statistics  of  any  one  particular  year  are  not  always  a  safe  criterion 
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to  rely  upon  in  these  comparisons.  A  company  may  have  been  obliged 
to  make  a  large  investment  in  an  extension  or  improvement,  which 
investment  is  included  in  its  capitalization  for  a  certain  year  before 
the  extension  or  improvement  has  been  put  into  use.  This  would 
naturally  raise  the  investment  per  revenue  passenger  somewhat  above 
its  normal  level  and  it  might  take  one  or  two  years  before  the  exten- 
sion or  addition  began  to  receive  its  normal  share  of  the  traffic. 
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and  Track  Construction  and  Density 
of  Traffic 


Fig.  40 — Relation  Between  Total  Invest- 
ment Per  Mile  and  Revenue  Passen- 
gers Per  Mile 


In  general,  however,  it  would  seem  that  these  average  curves  should 
be  of  service  in  broad  general  considerations  of  the  cost  of  street  rail- 
way service  and  the  determination  of  reasonable  systems  and  rates  of 
fare.  They  show  clearly  the  general  nature  of  the  effect  of  density  of 
traffic  upon  the  investment  in  street  railway  property  used  for  the  trans- 
portation of  passengers.  These  statistics  may  also  prove  useful  in  mak- 
ing rough  comparisons  of  the  capitalization  of  any  particular  street  rail- 
way with  others  of  a  similar  nature. 

Cost  of  Combination  Electric  Service.  From  an  article  of  this  title 
published  in  Electrical  World,  May  8,  1915,  is  taken  the  following 
excellent  example  of  the  value  of  charts  in  an  investigation  of  this  kind. 

One  of  the  most  flourishing  communities  in  western  Canada  is  the  city 
of  Calgary,  Alberta.  The  city  has  at  present  two  sources  of  electrical 
supply,  one  the  Calgary  Power  Company's  terminal  station  in  East 
Calgary  and  the  other  its  own  steam  plant  at  Victoria  Park. 

The  municipality  is  bound  by  contract  to  take  at  least  5000  hp.  from 
the  Calgary  Power  Company  for  the  next  four  years,  and,  in  addition, 
the  standby  charges  of  the  present  steam  station,  which  must  be  held 
in  readiness  in  case  of  failure  of  the  transmission  system,  must  also 
be  paid.  There  was  therefore  much  speculation  as  to  the  most  economical 
way  of  taking  electricity  from  the  two  sources,  the  hydroelectric  com- 
pany having  different  summer  and  winter  rates. 

The  accompanying  curves  and  calculations  are  the  result  of  an  in- 
vestigation made  under  the  direction  of  City  Electrician  Robert  Brown 
for  determining  with  a  fair  degree  of  accuracy  the  cost  of  electrical 
energy  to  the  city  of  Calgary  up  to  the  point  of  delivery  to  the  distribu- 
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tion  system  of  the  electric-light  department  under  different  conditions 
of  load  aud  methods  of  operation. 

Fig.  44  is  a  typical  load  curve  for  a  winter  day,  showing  that  there 
is  quite  a  demand  for  energy  between  midnight  and  morning  for  the 
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Fig.  43 — Cost   of  Generating  Electricity 
by  Steam,  Gas  and  Water-Power 


following  reasons:  The  street  lighting  demand  is  over  1000  kw.  and 
is  on  an  all-night  schedule  for  the  most  of  the  year;  water-pumping 
machinery  in  the  city  is  driven  electrically  and  storage  tanks  are  filled 
at  off-peak  hours;  several  large  piills  and  factories  operate  all  night, 
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Fig.  42 — Standby  Charges  on  Generating 
System 
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Fig.  44— Total  Load  Curve  for  Feb.  14, 
1914 


and  the  electric-vehicle-charging  load  is  an  all-night  load  and  is  be- 
ginning to  become  appreciable.  The  load-factor  (ratio  of  average  load 
to  peak  load)  is  therefore  very  high,  being  between  0.6  and  0.7.  The 
load-factor  for  the  particular  day  the  load  curve  of  which  is  shown  was 
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0.707.  That  on  the  hydroelectric  system  was  0.89,  and  that  on  the 
steam  station  was  0.40.  The  yearly  load-factor  was  probably  a  little 
less  than  this,  and  as  the  load  increases  from  year  to  year  there  is  no 
doubt  that  the  load-factor  will  decrease. 

The  power-factor  of  the  city's  system  is  high,  being  between  0.9  and 
unity,  because  thcrstreet-railway  system  is  supplied  with  direct  current 
from  synchronous  motor-generator  sets. 

During  the  times  in  which  the  peak  load  of  the  Calgary  system  is 
reached  there  are  three  1000-kw.  sets  and  one  500-kw.  set  in  operation. 

By  over  exciting  the  synchronous  motor  the  mattless  kva.  of  the  system 
can  be  entirely  compensated  for. 

The  contract  with  the  Calgary  Power  Company  will  be  enforced  for 
the  next  four  years.     The  following  are  some  abstracts  from  it: 

Rates : — winter  rates,  first  5000  hp.  at  $26  per  hp.-year ;  next  1000  hp. 
at  $25 ;  next  1000  hp.  at  $24 ;  next  1000  hp.  at  $23 ;  next  1000  hp.  at  $22 ; 
next  1000  hp.  at  $21 ;  all  over  10,000  hp.  at  $20. 

Summer  Rates  (April-October) — First  5000  hp.  at  $26  per  hp.-year; 
all  over  this,  $15  per  hp.-year. 
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The  basis  of  charge  per  month  is  on  the  maximum  thirty-minute  peak 
during  the  month.  In  the  Calgary  Power  Company's  terminal  station 
there  is  a  curve-drawing  ammeter  connected  to  one  phase  of  the  feeder 
to  the  city's  lines.  The  power  supplied  is  figured  as  the  voltage  multi- 
plied by  the  maximum  thirty-minute  reading  of  the  ammeter  multiplied 
by  the  square  root  of  three  multiplied  by  the  power-factor  at  this  par- 
ticular load.  As  long  as  the  power-factor  does  not  go  below  90%,  the 
actual  power-factor  is  used  in  figuring  the  power  supplied.  When  the 
power-factor  does  drop  below  90%  the  factor  0.9  is  used,  even  though 
the  power-factor  be  only  80%.  Fig.  45  shows  how  the  rates  vary  with 
the  power-factor  of  the  city's  lines.  The  minimum  load  to  be  paid 
for  is  5000  hp,  and  8000  hp  is  the  maximum  load  that  the  power  com- 
pany will  supply. 

At  present  the  municipal  steam  plant  contains  the  following:  one 
6250-kva  steam  generator  turbo  set,  one  2800-kva  steam  generator  turbo 
set,  one  3125-kva  steam  generator  turbo  set,  one  600-kw  steam-driven 
street-railway  generator,  one  500-kva  vertical  steam  driven  alternator. 

Half  of  the  boiler  equipment  is  fired  by  natural  gas  (1100  Ib.-Fahr. 
heat  units)  at  15  cts.  per  1000  cu.  ft.,  and  the  other  half  by  coal.     In 
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making  up  the  curves  actual  figures  were  obtained  from  the  power  de- 
partment as  to  labor,  maintenance  and  the  cost  of  supplies  for  three 
winter  months,  and  for  the  month  of  April  when  the  water-power  com- 
pany took  the  entire  load  and  the  steam  plant  was  kept  in  readiness. 

The  fuel  costs  for  these  months  were  also  calculated  accurately.  Some 
time  ago  an  ideal  full-load  test  was  made  on  the  8125-kva  steam  turbo 
set,  and  the  fuel  cost  of  0.47  ct.  per  kw-hr.  was  obtained.  This  shows 
what  the  plant  can  do  under  favorabl'e  conditions. 

The  possible  methods  of  operating  now  are  as  follows: 

(1)  Allowing  the  Calgary  Power  Company  to  take  the  entire  load  and 
keeping  the  steam  plant  in  readiness.  This  method  is  possible  only  in 
summer,  as  the  water-power  is  not  sufficient  to  supply  more  than  the 
minimum  contract  load  in  winter. 

(2)  Allowing  the  steam  plant  to  carry  the  entire  load.  If  there  were 
no  contract  with  the  hydroelectric  company,  this  method  would  be  pos- 
sible. 
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(3)  Allowing  the  Water  Power  Company  to  supply  the  minimum  con- 
tract amount  of  power  of  5000  hp.,  the  rest  being  supplied  by  the  steaju 
plant.     This  is  possible  in  summer  and  necessary  in  winter. 

(4)  Allowing  the  Water  Power  Company  to  carry  the  maximum  con- 
tract amount  of  power  (8000  hp.)  and  supply  the  rest  by  steam  plant. 
This  is  the  method  wliich  will  have  to  be  used  when  the  summer  power 
demand  exceeds  8000  hp.,  unless  the  Calgary  Power  Company  raises  its 
maximum. 

The  coal  has  a  heat  value  of  about  12,500  Ib.-Fahr.  heat  units  per  lb. 
and  costs  about  $3.75  per  ton  of  2000  lb.  With  gas  at  15  cts.  per  1000 
cu.  ft.  the  coal  is  equal  to  about  $3.40  worth  of  gas. 

In  the  winter  the  Calgary  Power  Company  carries  5000  hp.  and  the 
rest  is  supplied  by  the  steam  plant.  At  times  of  low  load  the  total  power 
demand  drops  below  5000  hp.  It  is  hard  to  keep  the  Calgary  Power 
Company's  load  at  exactly  5000  hp.  so  that  the  load-factor  on  the  supply 
from  the  Calgary  Power  Company  is  about  0.9.     The  load  on  the  Calgary 
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Power  Company  is  regulated  by  adjusting  the  governor  on  the  turbines 
in  the  steam  plant.  During  the  summer  the  Calgary  Power  Company 
is  allowed  to  take  the  entire  load  and  the  boilers  in  the  steam  plant  are 
kept  in  readiness.  The  cost  of  labor,  maintenance  and  supplies  is,  of 
course,  reduced  somewhat  under  these  conditions. 

The  cost  of  energy  from  the  steam  plant  is  made  up  of  several  items^ 
capital  charges,  fuel  costs,  maintenance,  supplies  and  labor.  In  making 
up  the  curves  the  capital  charges,  maintenance,  supplies  and  labor  were 
averaged  from  the  actual  figures  from  the  power  department.  Fuel  costs 
have  to  be  assumed  more  or  less,  as  they  cannot  be  determined  so  ac- 
<3urately  as  the  other  costs.  In  the 'case  where  the  Calgary  Power  Com- 
pany is  allowed  to  take  the  entire  load  the  cost  of  energy  is  made  up  of 
charges  to  the  water-power  company  and  the  standby  charges  of  the 
steam  plant.  In  figuring  capital  charges  the  capitalization  of  the  power 
department  was  reduced  by  $70,000  because  it  included  the  cost  of  some 
street-railway  motor-generator  sets,  which  are  correctly  classed  as  part 
of  the  distribution  system. 

A  consulting  engineer  who  was  called  in  to  report  on  power  estimated 
the  fuel  costs  to  be  0.45  ct.  for  a  10,000-kw  gas-fired  steam  plant,  work- 
ing on  30%  load-factor  with  gas  at  15  cents  per  1000  cu.  ft.  and  1100 
Ib.-Fahr.  heat  units  per  cu.  ft.  In  an  ideal  test  of  the  3125-kva  turbo- 
generator at  full  load,  0.455  ct.  per  kw-hr.  and  0.47  ct.  per  kw-hr.  were 
obtained  as  fuel  costs.  A  fuel  cost  of  0.45  ct.  per  kw-hr.  gives  a  ther- 
mal efficiency  of  10%  with  gas  at  15  cts.  and  1100  Ib.-Fahr.  heat  units 
per  cu,  ft. 

Fig.  48  shows  thermal  efficiencies  for  different  prime  movers.  The 
efficiency  of  the  boiler  (about  75%)  and  auxiliaries,  such  as  exciters, 
vacuum  pumps,  hotwell  pumps,  etc.,  must  also  be  taken  into  account. 
It  can  be  seen  from  the  above  data  that  10%  thermal  efficiency  is  not 
too  hig:h  an  estimate. 

"When  the  plant  is  operating  at  small  load,  however,  the  fuel  cost  will 
naturally  be  higher,  so  in  making  curves  a  fuel  cost  of  0.45  ct.  at  an 
average  load  of  7500  kw.,  0.48  ct.  at  an  average  load  of  5000  kw.  and 
0.51  ct.  at  an  average  load  of  2500  kw.  were  used  for  the  case  when  the 
load-factor  equals  0.7  and  the  power-factor  0.95.  At  0.6  load-factor, 
costs  of  0.46  ct.,  0.49  ct.  and  0.52  ct.  were  used.  Some  curves  were  drawn 
up  assuming  9%  thermal  efficiency,  with  fuel  costs  of  0.50  ct.,  0.53  ct. 
and  0.56  ct.  These  last  costs  represent  the  maximum,  because  in  the 
figures  supplied  by  the  power  department  fuel  costs  of  0.53  ct.  and  0.56 
ct.  have  already  been  obtained  with  average  loads  of  1700  kw  and  40% 
load-factor.  With  gas  at  10  cts.  fuel  costs  of  ^0  cts.,  32  cts.  and  34  cts. 
were  used. 

Fig.  45  shows  how  the  water-power  company's  rates  increase  with 
decrease  in  power-factor.  Fig.  43  shows  how  the  total  costs  vary  with 
power-factor  and  load-factor. 

As  to  the  accuracy  of  the  curves  and  calculations  certain  assumptions 
of  course  had  to  be  made.  The  cost  of  energy  is  made  up  of  the  Calgary 
Power  Company's  power  charge  and  the  steam-plant  charges,  which  con^ 
sist  of  capital  charges,  labor,  maintenance  and  supplies.  The  Calgary 
Power  Company's  charge  amounted  to  $303,250  in  this  case.  The  capital 
charges  of  the  steam  plant  were  taken  from  the  auditors'  figures  and' 
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amounted  to  $98,000  of  $153,200  assumed  for  the  steam-plant  charges; 
$33,000  was  for  labor,  and  these  charges  were  taken  from  actual  figures 
supplied  by  the  power  department.  The  remaining  $30,000  is  for  main- 
tenance, supplies  and  office  charges.  These  charges  were  estimated  from 
the  power-department  figures. 

The  costs  with  the  steam  plant  taking  the  entire  load  are  made  up 
of  the  fuel  costs  plus  the  above  steam-plant  charges.  Fuel  costs  can- 
not be  estimated  exactly,  so  that  the  maximum  and  minimum  charges 
for  fuel  were  assumed  and  curves  drawn  for  the  two  figures. 

The  justification  for  the  different  fuel  costs  was  given  above.  The 
variation  in  maximum  and  minimum  fuel  costs  is  not  over  8%  of  the 
total  cost  of  power.  The  minimum  fuel  costs  assumed  have  already 
been  proved  by  tests  on  the  plant  under  favorable  conditions,  so  that 
the  curves  using  the  minimum  fuel  costs  are  not  in  error  more  than  3% 
or  4%. 

The  curves  show  the  necessity  of  keeping  the  power-factor  and  load- 
factor  high. 

In  the  case  of  the  power-factor,  as  long  as  the  street-railway  load 
keeps  pace  with  the  total  load  there  will  always  be  enough  synchronous 
motor  load  to  give  a  leading  current  to  compensate  for  the  wattless  kva 
of  the  system.  If  it  does  not  keep  pace,  it  might  be  possible  during 
peak-load  hours  in  the  summer  to  run  one  of  the  turbo  sets  without 
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Fig.  47 


Fig.    48 — Thermal    Efficiency    of    Prime 
Movers   not   Including  Auxiliaries 


steam  turned  on  and  overexcite  the  generator,  or  the  connecting  rods 
on  the  700-kva.  vertical-steam-engine-driven  alternator  might  be  taken 
off  and  the  alternator  operated  as  a  synchronous  condenser. 

Fig.  41  shows  that  in  summer  it  is  most  economical  to  let  the  Calgary 
Power  Company  take  the  entire  load  if  gas  costs  15  cts.  With  gas  at 
10  cts.  it  would  be  cheaper  to  run  the  steam  plant  alone.  This  would 
be  possible  if  the  hydroelectric  contract  did  not  exist.  In  winter  the 
curve  shows  the  economy  of  allowing  the  hydroelectric  system  to  take 
5000  hp.  at  0.9  load-factor  and  supply  the  rest  of  the  energy  from  the 
steam  plant.  This  is  the  only  method  that  can  be  used  on  account  of 
the  hydroelectric  contract. 
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Fig.  47  shows  the  cost  of  energy  from  the  steam  plant  with  10-ct.  gas. 
This  shows  that  in  the  summer  10-ct.  gas  would  not  improve  matters 
much  as  long  as  the  load-factor  is  high. 

Fig.  46  shows  that  at  the  usual  summer  peak  loads  of  7500  hp.  the 
cost  of  the  steam  plant  forms  nearly  half  the  cost  of  energy  and  the 
total  cost  of  energy  up  to  the  point  of  delivery  to  the  distribution  sys- 
tem of  the  electric-light  department  is  about  0.94  ct.  per  kw-hr.,  or 
$61  per  hp.  per  annum.  Adding  the  capital  charges  of  the  electric-light 
department  brings  the  total  cost  up  to  nearly  1.3  cts.  per  kw-hr.,  or 
$83.30  per  hp.  per  annum. 

Coal  Cost  and  Selling  Price  Analysis.  J.  D.  Skinner,  in  an  article 
entitled  ''Graphic  Determination  of  Prices,"  published  in  Coal  Age, 
May  25,  1918,  describes  in  detail  the  method  he  uses,  thus  making  it 
valuable  for  similar  analysis  of  other  materials.     The  following  is  quoted : 

When  varying  prices  are  received  for  run-of-mine,  lump  and  slack 
coal  and  certain  percentages  of  the  two  latter  are  made,  it  is  somewhat 
difficult  to  determine  quickly  whether  it  will  be  advantageous  to  sell  the 
mine  output  with  or  without  preparation.  And  in  whatever  condition 
the  coal  is  disposed  of,  it  is  advisable  to  know  both  ''why"  and  "how 
much." 

To  provide  a  means  and  basis  for  quickly  comparing  the  prices  of 
these  three  grades  of  coal  and  determining  which  will  yield  the  greatest 
return,  I  have  constructed  the  accompanying  charts.  These  are  based 
on  the  following  simple  calculations: 

Let 

P  =  Price  of  mine-run  per  ton ; 

ic  =  Corresponding  price  of  lump  per  ton; 

y  =  Corresponding  price  of  slack  per  ton ; 

A  :=  Percentage  of  lump  made ; 

5  =:  Percentage  of  slack  made. 
Hence  A-\-B  =  100. 

Problem — Given  P,  A  and  B  to  find  x  and  y. 

In  one  ton  of  mine-run  there  is  an  amount  of  lump  represented  by 
the  decimal  fraction  A  and  an  amount  of  slack  represented  by  the  deci- 
mal fraction  B.  Hence,  when  the  portion  A  of  a  ton  of  lump  is  sold 
at  X  dollars  per  ton,  and  the  portion  5  of  a  ton  of  slack  is  sold  at  y 
dollars  per  ton,  the  total  receipts  will  be  P  dollars;  and  we  have  the 
relation 

Ax-\-By  =  P  (1) 

Since  equation  (1)  is  of  the  first  degree,  its  graph  is  a  straight  line. 


Letting  x  =  o,  the  intercept  on  the  Y-axis  is  Ob^ 


P 


B 


Letting  y  =  o,  the  intercept  on  the  X-axis  is  Oa  =  — 

A 
Hence,  for  given  values  of  A,  B  and  P,  the  graph  of  (1)  can  be  drawn 
by  connecting  the  intercepts.     If  A  and  B  are  supposed  to  be  constant. 
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and  X  and  y  have  different  values,  a  series  of  graphs  vadcy  be  constructed 
for  different  values  of  P.  That  these  lines  will  all  be  parallel  may  be 
shown  as  follows : 


The  Graph  of  Equation    ( 1 ) 


Transposing  (1)  and  dividing  both  terms  by  B  to  put  it  in  the  slope- 
intercept  form: 

Ax       P 

y  = +  - 

B         B 
A 

Hence,  the  slope  of  (1)  or  M= 

B 
Now  the  equation  of  any  other  line  having  a  different  value  of  P,  say 
P„is 

Ax       Pi 

y= +  -  (2) 

B        B 

A 
Since  the  slope  of  (2)  is  likewise ,  (1)  and  (2)  make  the  same 

B 
anprle  with  the  axis  of  X  and  hence  are  parallel. 

The  following  illustrates  the  method  of  finding  the  intercepts: 


Screen 

percentages/^^P 

70% 
30% 

Hence  A 

=  0.70  and  B 

=  0.30 

Intercept 

Intercept 

on  X-Axia 

on  Y-Axis 

Price  of 

P 

P 

Mine-Run 

Oa  =  — 

Ob  =  — 

P 

A 

B 

$1.00 

$1.43 

$3.33 

1.15 

1.64 

3.83 

1.30 

1.86 

4.33 

Etc. 

Etc. 

Etc. 

Example  1.  Given  cost  of  mine-run  f.o.b.  railroad  cars  at  mine  (in- 
cluding cost  of  screening  lump  and  slack)  =$2.30  per  ton.  Profit  15c 
per  ton.  Selling  price  of  lump  f.o.b.  mine  $3.20  per  ton.  Screen  prod- 
uct: 70%  lump;  30%  slack. 

Find  corresponding  price,  f.o.b.  mine,  that  slack  must  be  sold  for  in 
order  that  the  combined  profit  on  lump  and  slack  will  be  15  cts.  per  ton 
on  a  mine-run  basis. 
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Solution— On  Fig.  49  for  70%  lump  and  30%  slack  follow  along  the 
diagonal  line  marked  $2.45  (the  selling  price  of  mine-run)  until  it  in- 
tersects the  vertical  line  through  $3.20  (the  selling  price  of  lump  to  the 
scale  marked  on  the  axis  OY.)  The  distance  this  point  of  intersection 
is  above  OX,  measured  along  the  line  through  $3.20  and  perpendicular 
to  OX,  is  the  corresponding  price  of  slack,  which,  by  the  scale  on  the 
axis  OY,  is  $0.70.  If  the  price  of  slack  had  been  given  instead,  the 
corresponding  price  of  lump  could  be  found  in  a  similar  manner. 


12  3  4  5 

Lvmp  Price  per  Ton  in  DoIIcir$ 

Fig.  49—70%  Lump 

Example  2.  Given  selling  price  of  lump  =  $4.10  f.o.b.  mine.  Sell- 
ing price  of  slack  =  $1.20  f.o.b.  mine.  Cost  of  mine-run  (including 
screening,  etc.)=$2.90  f.o.b.  mine.  Screen  product  65%  lump;  35% 
slack. 

Find  profit  per  ton  of  mine-run  sold  as  lump  and  slack. 

Solution — On  a  similar  diagram  for  65%  lump  and  35%  slack  find  the 
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intersection  of  the  line  perpendicular  to  OX  at  $4.10  with  the  line  per- 
pendicular to  or  at  $1.20.  This  point  of  intersection  lies  a  little  over 
halfway  from  the  diao:onal  marked  $3  to  that  marked  $3.15,  which  gives. 
$3.08  for  the  corresponding  selling  price  of  mine-run.  Hence  the  profit 
per  ton  mine-run  at  the  mine  is  $3.08  —  $2.90  =  $0.18. 

Example  3.  Given  selling  price  of  mine-run,  including  operator's 
profit  =  $2.90  per  ton  f.o.b.  mine.  No  market  for  slack,  which  therefore 
has  to  be  wasted.     Screen  product:  50%  lump;  50%  slack. 

Find  corresponding  price,  f.o.b.  mine,  at  which  lump  must  be  sold 
to  obtain  the  given  price  for  mine-run. 

Solution — On  a  diagram  for  50%  lump  and  50%  slack  follow  along 
the  diagonal  marked  $2.90  until  it  intersects  the  axis  OX  (on  which  the 
selling  price  of  slack  is  zero).  This  point  of  intersection  is  at  $5.80, 
which  is  the  required  price  of  lump. 

Mine-run  prices  between  those  given  may  be  secured  by  laying  a 
transparent  ruler  between  and  parallel  to  the  proper  diagonal  lines  and 
reading  its  intersections  with  the  vertical  and  horizontal  lines. 

These  diagrams  also  can  be  used  to  compute  costs  as  well  as  selling 
prices. 

Analysis  of  Motor-Truck  Transportation.  The  following  is  from  an 
article  by  Francis  W.  Davis,  ''Truck  Efficiency  Graphically  Shown," 
published  in  Automotive  Industries,  January  3,  1918. 

The  problem  of  analyzing  motor-truck  transportation  is  fundamentally 
different  from  other  modes  of  transportation  in  that  we  have  to  do  with 
a  factor  of  far-reaching  importance  in  determining  the  capacity  or  abilit}^ 
of  motor  trucks  to  perform  a  given  amount  of  work.  This  factor  is  the 
loading  and  unloading  time. 

At  first  sight,  it  appears  to  be  of  little  importancfe,  as  when  con- 
sidering horse  team  haulage  very  little  attention  is  given  to  it.  This 
is  quite  natural  when  we  consider  the  fact  that  a  team  of  horses  can 
only  cover  a  relatively  small  mileage  in  a  day,  and  their  average  speed 
is  of  sufficient  magnitude  to  cover  this  limiting  daily  mileage  in  a  few 
hours,  consequently  the  necessity  for  quick  loading  and  unloading  can 
be  almost  disregarded  when  dealing  with  team  haulage. 

With  a  motor  truck  we  are  face  to  face  with  entirely  changed  condi- 
tions. The  capacity  of  the  truck  is  only  limited  by  the  number  of  hours 
it  is  in  operation,  and  by  operation  we  mean  actual  rumiing  time  and 
not  merely  the  time  the  truck  is  in  commission. 

It  is  true  that  the  facts  as  outlined  above  are  instinctively  under- 
stood by  truck  operators,  and  more  and  more  time  and  effort  is  put  into 
devi.sing  ways  and  means  for  reducing  the  so-called  loading  and  unload- 
ing time  of  motor  trucks.  We  hear  of  overhead  hoppers,  demountable 
bodies,  loading  cranes,  winches,  mechanical  dump  bodies,  and  innumer- 
able other  devices  for  saving  time.  This  is  all  done  for  a  very  definite 
purpose,  and  it  is  strange  that  up  till  very  recently  little  effort  has  been 
given  to  the  important  study  of  the  absolute  necessity  for  reducing  this 
loading  and  unloading  time  and  showing  the  relative  amount  of  work 
that  can  be  produced  where  efficient  loading  and  unloading  appliances 
are  considered  as  compared  with  old  out-of-date  horse  methods. 

In  approaching  a  problem  to  determine  whether  motor  trucks  can 
be  used  to  advantage  in  a  given  transportation  problem  or  to  study 
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means  for  increasino^  the  efficiency  of  a  motor-truck  installation,  it  is 
customary  to  carefully  investig^ate  the  loading  and  unloading  conditions, 
nature,  and  distance  of  routes  traveled,  and  other  facts  of  more  or  less 
importance  in  order  to  draw  up  a  report  covering  the  capacity  of  a 
given  truck  under  certain  conditions. 

In  addition  to  this,  it  is  also  customary  to  investigate  the  problem 
from  a  cost  standpoint  to  determine  the  fixed  charges  per  day  and 
so-called  operating  expense  per  day,  the  latter  usually  worked  down  to 
a  cost-per-mile  basis. 

Experience  indicates  that  while  a  truck  is  in  motion  it  averages 
approximately  75%  of  the  full  governed  speed.  The  loss  of  25%  is 
occasioned  through  traffic  delays,  varied  road  conditions,  and  other 
factors  which  are  quite  beyond  control.  With  the  5-ton  truck  governed 
to  14  m.p.h.,  the  75%  figure  amounts  to  an  average  rate  of  10%  m.p.h. ;, 
therefore,  while  in  operation  we  say  the  5-ton  truck  will  cover  a  mile  in 
5.7  minutes'  running  time. 

The  following  symbols  will  be  of  assistance  in  following  this  analysis : 

D — Distance  per  round  trip  in  miles. 

L — Loading  plus  unloading  time  per  trip  in  minutes. 

R — Running  time  per  round  trip  in  minutes. 

T — Total  time  per  round  trip  in  minutes. 

M — Maximum  speed  in  miles  per  hour. 

75%  of  M  =  running  speed. 
T  =  L  +  R 
60  D 

R  = 

0.75  M 

60  D 

T=(L  + ) 

0.75  M 
M=  14  m.p.h.  (for  Pierce-Arrow  5-ton  truck) 
T=(L-f5.7D) 

10-hr.  working  day  =  600  minutes. 
600  600 

Trips  per  day  = =( ) 

T  L  +  5.7  D 

Truck  carries  out  5  tons ;  returns  empty 

3000 

Tons  per  day  =  5  X  (trips  per  day)  =  ( ) 

L  +  5.7  D 
600  D 

Miles  per  day  =  D  X  (trips  per  day)  =  ( ) 

L  +  5.7  D 
R         T-L 

Ratio  running  time  to  total  time  =  —  '=  ( ) 

T  T 

The  above  method  of  figuring  gives  a  rapid  and  accurate  method  of 
determining  the  capacity  of  a  motor  truck  under  any  given  conditions. 
However,  very  often  in  discussing  the  usage  of  motor  trucks  with  a 
prospective  owner  the  item  of  loading  and  unloading  time  is  not  only 
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difficult  to  estimate  but  often  is  subject  to  considerable  revision  through 
the  consideration  of  some  simple  auxiliary  equipment.  The  prospective 
owner  is  usually  quick  to  raise  objections  against  this,  due  to  the  cost 
of  the  equipment.  Then  the  figures  showing  the  capacity  of  the  truck 
must  be  corrected  to  show  its  increased  capacity  due  to  the  addition 
of  this  extra  equipment. 

This  process  can  be  repeated  a  number  of  times,  and  if  done  rapidly 
and  accurately  will  give  the  truck  owner  a  good  idea  of  the  increased 
capacity  of  his  equipment  due  to  quick  loading  and  unloading. 

With  a  view  to  showing  this  graphically,  and  in  such  a  way  as  to 
admit  of  instantaneous  comparisons,  the  accompanying  charts,  Figs, 
with  the  above  facts  incorporated,  obviate  the  necessity  for  actually 
putting  down  figures,  and  permit  of  comparisons,  one  truck  with  an- 
other, under  varying  conditions.  The  charts  also  answer  in  a  remark- 
able manner  the  old-time  fallacy  that  motor  trucks  cannot  compete  with 
teams  in  short' hauls.  The  short  haul  is  the  ''bonanza"  of  motor-truck 
haulage  where  the  conditions  are  right. 
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Fig.  60 


Fig.  50  is  drawn  up  for  the  Pierce-Arrow  5-ton  truck,  on  the  assumed 
nmning  speed  of  10.5  m.p.h.  The  distance  per  round  trip  D  is  shown 
on  the  ba.se  line  up  to  10  miles.  The  time  per  round  trip  T  is  shown 
on  the  vertical  line  at  the  left  of  the  chart,  and  runs  up  to  120  minutes. 
The  loading  and  unloading  times  are  indicated  by  L,  and  vary  from 
zero  up  to  65  minutes  per  trip.  Two  other  vertical  scales  are  included, 
namely,  the  trips  per  day  and  tons  per  day,  the  tons  per  day  bearing 
the  relation  of  five  times  the  number  of  trips  per  day,  inasmuch  as  we 
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are  concerned  with  a  5-ton  truck  and  assume  a  load  of  5  tons  carried 
out. 

The  chart  is  read  by : 

1.  Running  out  the  base  line  to  the  distance  per  round  trip. 

2.  Then  vertically  to  the  interseciion  with  the  L  line. 

3.  Theii  follow  horizontally  to  the  left  to  the  intersection  with  the 

three  vertical  scales,  giving  the  time  per  round  trip,  trips  pef 
day,  and  the  ions  per  day. 

By  using  the  same  distance  per  round  trip,  and  dropping  down  to 
a  lower  L  figure,  we  arrive  at  the  time  per  round  trip,  trips  per  day, 
and  tons  per  day  with  the  new  loading  and  unloading  condition.  This 
can  be  done  rapidly,  and  gives  surprising  results  when  dealing  with 
reasonably  short  hauls  and  small  values  for  L. 

The  other  figures  of  E  and  E2  represent  efficiency  figures  which  the 
writer  has  worked  out  at  considerable  length,  starting  from  quite  dif- 
ferent grounds  of  reasoning,  and  yet  the  lines  representing  values  of 
L  are  constant  efficiency  lines,  and  the  formulae  E  and  E2  give  equal 
values  for  truck  efficiency  on  these  lines. 
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Fig.  51  Fig.  52 

Fig.  51  uses  the  same  base  line  as  50,  with  altered  scale  of  trips  per 
day  and  tons  per  day,  so  as  to  show  the  enormous  increase  in  capacity 
of  the  truck  when -operating  on  short  hauls  under  efficient  conditions 
of  loading  and  unloading,  and  it  furnishes  a  graphical  proof  of  the 
often  repeated  assertion  that  quick  loading  and  unloading  time  is  much 
more  essential  in  short  hauls  than  in  long  hauls. 

This  statement  is  true,  and  with  this  chart  it  is  brought  out  to  an 
astonishing  degree.  For  instance,  it  shows  that  in  a  round-trip  haul 
of  one  mile,  with  loading  and  unloading  time  L  of  60  minutes,  the  5-ton 
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truck  can  make  approximately  nine  trips  per  day,  carrying  a  total  of 
45  tons.  When  reducing  L  to  five  minutes  per  round  trip,  the  truck 
will  make  approximately  sixty  trips  per  day  carrying  300  tons.  This 
represents  an  increase  in  capacity  of  over  600%.  Further,  if  we  con- 
sider this  same  haul  with  a  loading  and  unloading  time  of  ^^  minute, 
which  has  been  reached  in  certain  installations,  the  truck  has  a  capacity 
of  96  trips  per  day  of  480  tons.  This  represents  an  increase  over  the 
first  condition  of  approximately  1000%.  These  are  the  facts  that  must 
be  brought  home  to  the  truck  user  in  order  for  him  to  get  the  full  benefit 
of  his  equipment. 

How  often  do  we  hear  that  a  truck  is  on  the  road  only  one-fifth  of 
the  day?  This  is  the  condition  under  which  a  great  many  trucks  op- 
erate, and  also  a  great  many  do  not  equal  this  figure.  Fig.  52  gives 
graphically  a  picture  which  shows  that  when  a  truck  operates  under  this 
condition  the  owner  should  be  indicted  for  criminal  misuse  of  his  equip- 
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ment.  On  Fig.  52  the  point  two-tenths  of  the  way  up  on  the  left-hand 
scale — i.e.,  representing  the  condition  of  one-fifth  running  time — shows 
that  the  operator  in  this  case  is  operating  his  truck  only  up  to  this 
level.  Above  that  is  the  region  which  he  knows  nothing  about,  and  in 
which  he  denies  the  truck  the  opportunity  of  working.  The  limiting 
capacity  of  the  truck,  of  course,  is  that  it  may  be  on  the  road  the  eivtire 
time.  Figures  of  E2,  given  both  on  Figs.  51  and  52,  represent  constant 
efficiency  lines  the  same  as  on  Fig.  50. 

There  is  another  figure  of  importance,  namely,  the  number  of  miles 
per  day  the  truck  will  cover.  Fig.  53  is  drawn  up  with  the  same  base 
line  as  the  other  charts,  and  indicates  the  miles  per  day  as  related  to 
the  loading  and  unloading  time,  and  also  the  relation  of  the  trips  per 
day  and  tons  carried,  as  related  to  the  miles  per  day.  This  chart  again 
shows  that  when  we  reduce  the  loading  and  unloading  time  we  increase 
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the  capacity  of  the  truck,  and  on  short  hauls  this  increase  goes  up  to 
an  amazing  figure. 

Fig.  54  is  a  master  chart  of  the  others  shown  before,  and  includes 
all  of  the  information  contained  on  the  foregoing  charts.  In  addition, 
the  base  line  is  extended  up  to  22  miles  and  the  time  per  round  trip 
extended  up  to  300  minutes.  The  vertical  scale  for  the  total  time  per 
trip  is  marked  T.  A  ratio  table  will  be  noted  at  the  left  end  of  the 
chart.  This  is  useful  where  making  comparisons  so  as  to  show  the  ratio 
of  increase  in  the  number  of  trips  per  day  and  tonnage  hauled  under 
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iFig.    54 — Master    Chart    Showing   the   Eelation   Between    All    Factors   Involved   in 

Motor  Truck  Operation 

conditions  where  quick  loading  and  unloading  are  considered,  as  against 
one  where  slow  loading  and  unloading  are  considered. 

The  procedure  is  to  locate  the  number  of  trips  per  day  on  the  vertical 
scale  corresponding  to  the  slow-loading  figure,  and,  by  tracing  out  to 
the  diagonal  line,  reaching  down  to  the  greater  number  of  trips,  the 
vertical  line  from  that  point  to  the  ratio  table  indicates  the  ratio  of 
increase.  This  is  somewhat  difficult  to  explain  in  wording,  yet  a  short 
study  of  the  chart  will  show  how  easily  and  quickly  it  can  be  done. 

The  foregoing  charts  should  prove  not  only  of  great  value  in  analyzing 
new  transportation  problems,  but  should  place  in  the  hands  of  traffic 
managers  means  whereby  trucks  can  be  distributed  for  a  given  day's 
work  so  as  to  utilize  the  transportation  equipment  to  the  best  possible 
advantage. 

Cost  of  Plowing".  The  following  is  quoted  from  an  article  in 
Automotive  Industries,  by  E.  Goldberger,  published  December  6,  1917. 

We  have  on  the  market  practically  any  size  of  tractor  ranging  from 
10  up  to  120  hp.,  and  from  their  performance  and  prices  and  being 
acquainted  with  the  requirement  on  the  farm  and  the  manufacturing 
problems,  i.e.,  all  the  premises  being  known  facts,  it  is  possible  not  only 
to  draw  correct  conclusions  referring  to  the  present  conditions,  but  also. 
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what  from  a  business  standpoint  is  more  important,  to  anticipate  the 
future  development. 

I  shall  consider  in  the  following  three  sizes  of  tractor  that  would  be 
built  along  exactly  the  same  standards  of  quality,  design  and  work- 
manship : 

A — Capable  of  pulling  two  14-in.  plows,  6  in. 'deep,  in  average  soil, 
at  a  speed  of  2\^  m.p.h.  This  would  require  about  9  hp.  on 
the  drawbar. 

B — Same  quality  tractor,  of  double  size,  pulling  four  14-in.  plows,. 
6  in.  deep  in  the  same  soil,  2^^  m.p.h.  speed.     Drawbar  of  18  hp^ 
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C — Twice  as  strong  as  B,  pulling  eight  14-in.  plows,  6  in.  deep  in  the 
same  soil,  2Vz  m.p.h.     Drawbar  36  hp. 

According  to  the  standards  of  quality  adopted  by  the  truck  manu- 
facturers, I  shall  estimate  the  prices  as  follows : 

Tractor  A,  $600;  Tractor  B,  $1,500;  Tractor  C,  $3,600. 

The  price  for  tractor  A,  if  the  design,  material  and  workmanship 
be  first  class,  cannot  be  reached  unless  quantity-production  methods 
are  adopted.  For  100%  increase  in  size  the  price  increases  150% 
in  the  above  estimates,  since  I  make  the  preliminary  assumption  that 
with  the  size  of  tractor  increasing,  the  demand  might  decrease  and  the 
manufacturing  methods  to  be  adopted  become  more  expensive. 

I  shall  not  consider  the  cost  of  plows  and  other  equipment,  since  for 
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;a  comparative  study  of  the  cost  of  plowing  with  different  sizes  of  trac- 
tors it  matters  very  little. 

A  two  and  a  four-bottom  tractor  and  plow  can  easily  be  operated 
by  one  man,  while  for  an  eight-bottom  tractor  two  men  are  necessary, 
not  for  lifting  and  lowering  the  bottoms,  which  can  be  done  auto- 
matically, but  for  cleaning  and  unclogging  the  plows,  which  would  mean 
stopping  the  machine  often  if  it  were  expected  to  be  done  by  the  man 
steering:  the  tractor. 

The  expense  for  operator  would  therefore  come  to  30  cts.  per  hr.  for 
the  two  and  four-plow  outfit  and  60  cts.  for  the  eight-plow  outfit. 

Experience  has  shown  that  the  fuel  consumption  of  gasoline  tractors 
per  hp.-hour  changes  little  or  nothing  with  the  size  of  motor,  provided 
all  are  built  according  to  the  same  standards  and  are  run  at  the  same 
percentage  of  load.  In  our  case  the  cost  for  fuel  (and  oil,  etc.)  should 
be  for  tractor  A  25  cts.  per  hr.,  for  tractor  B  50  cts.  per  hr.  and  for 
tractor  C  $1  per  hr. 

It  is  a  conservative  estimate  to  say  that  tractors  of  modern  design 
of  any  size  will  depreciate  after  about  4500  hrs.  of  plowing,  which 
would  give  a  tractor,  plowing  10  hrs.  a  day,  for  90  days  in  a  year,  a 
life  of  5  yrs-.  provided  no  other  work  is  done  but  plowing.  This  estimate 
is  safe,  since  should  the  tractor  in  the  last  case  become  obsolete  after 
8  years,  80%  of  its  value  has  already  been  figured  in  the  item,  for 
wear  and  tear,  having  left  only  20%,  part  of  which  can  easily  be  re- 
covered from  the  sale  of  its  high-grade  materials  as  junk. 

For   our  tractor   A  the   amount   for   depreciation   per   plowing-hour 
600  1500 

figures  at =  $0.13,  for  the  tractor  B  at =  $0.33,  for  the  tractor 

4500  4500 

3600 

■C  at ==$0.80. 

4500 
These  two  factors  are  considered  together  and  estimated  at  6%  per 
.year  on  the  initial  price  of  the  tractor.  Since  the  value  of  the  tractor 
depreciates  constantly,  in  time  the  interest  on  this  value  also  decreases. 
Suppose  the  tractor  is  figured  to  depreciate  in  6  years,  the  interest  during 
the  first  year  would  be  6%  of  the  initial  price  paid,  the  following  year 
it  would  be  6%  on  the  present  value  of  the  tractor,  or  5%  on  the  total 
initial  price,  and  so  on.  The  allowance  for  interest  and  repairs  being 
6%  per  year  on  the  total  initial  price,  it  results  that  no  repair  allow- 
ance is  made  for  the  first  year,  1%  of  total  initial  value  for  the  second,  '. 
2%  for  the  third,  and  so  on,  an  estimate  which  corresponds  with  the 
actual  conditions  as  they  occur  with  tractors  of  modern  design. 

Suppose  we  figure  every  one  of  these  items  for  the  tractors  chosen, 
for  a  variable  number  of  actual  plowing  hours  per  year,  Fig.  55  is 
•drawn  based  upon  these  figures,  marking  on  the  horizontal  co-ordinate 
the  number  of  actual  plowing  hours  per  year,  200,  400,  600,  etc.,  and 
on  the  vertical  co-ordinate,  the  cost  for  plowing  per  hour;  the  curves 
marked  A,  B  and  C  correspond  to  the  machines  above  mentioned. 

Fig.  55  does  not  give  a  final  indication  as  to  the  comparative  cost  of 
plowing  with  the  different  sizes  of  tractors,  but  it  is  used  for  making 
Figs.  56  and  57.     Fig.  56  gives  the  cost  in  dollars  per  acre,  varying 
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with  the  number  of  hours  of  plowing.  Tractors  A,  B,  C  are  supposed 
to  pull  2,  4  and  8  bottoms,  14  in.  wide,  6  in.  deep  at  a  speed  of  2.5 
m.p.h.  It  is  assumed  that  the  tractors  w-ill  plow  only  85%  of  time  they 
are  in  the  field,  15%  being  the  allowance  for  turning  the  headlands, 
oiling,  trouble,  etc.  The  area  actually  plowed  per  hour  figures  then 
at  .6,  1.2,  or  2.4  acres  per  hr.  respectively.  The  small  figures  along  the 
curves  give  the  number  of  acres  per  year  the  chosen  tractor  would 
actually  plow. 

From  Fig.  56,  as  a  basis,  Fig.  57  has  been  drawn,  and  this  gives  now 
the  final  information  we  w^ere  after ;  we  read  the  area  to  be  plowed  in  a 
year  on  the  horizontal  co-ordinate,  follow  the  vertical  through  this  point 
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Fig.  57 


until  it  intersects  with  the  curve  representing  the  A,  B  or  C  tractor,  and 
following  to  the  left  we  read  on  the  vertical  co-ordinate  the  cost  of  plow- 
ing per  acre.  The  figures  along  the  curves  give  the  number  of  hours 
the  tractor  will  have  to  work  in  order  to  perform  the  work  expected. 
Recalling  now  that  Ac,  Be  and  Co  represent  the  conditions  for  a  2,  4  or 
8-plow  tractor  plowing  6  in.  deep,  while  Ag,  B^  and  Cg  represent  these 
tractors  plowing  8  in.  deep,  let  us  now  consider  the  significance  of 
Fig.  57. 

If  we  have  to  plow  less  than  250  acres  per  year  and  not  deeper  than 
6  in.,  the  tractor  with  9DB-IIP  plows  the  cheapest,  while  for  anything 
above  this  amount  the  4-plow  tractor  with  about  18  DB-IIP  is  the  cheap- 
est in  the  end,  i.e.,  it  is  cheaper  than  the  2-plow  tractor  for  small  farms, 
while  even  for  farms  so  large  that  one  4-plow  tractor  be  too  small,  it 
pays  better  to  have  two  4-plow  tractors  than  one  8-plow  tractor.  The 
advantages  of  having  two  smaller  power  plant  units  instead  of  one  large 
one  from  the  point  of  flexibility  and  in  emergency  cases  (break  down, 
etc.)  are  not  considered  at  all  in  the  charts. 

The  chart  shows  much  more  than  this.  It  shows  how  much  cheaper 
the  plowing  comes  if  there  be  much  of  it  to  be  done.     There  are,  never- 
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theless,  two  ways  that  will  make  the  small  farmer  meet  the  competition 
of  the  big  one,  without  having  to  buy  his  neighbor's  land:  by  deeper 
plowing,  and  by  plowing  early  and  quick.  To  meet  both  of  these  con- 
ditions the  2-plow  tractor  will  give  way  to  the  larger  one ;  in  fact,  we 
find  on  the  upper  curves  that  represent  the  cost  for  plowing  8  in.  deep, 
that  for  any  land  above  180  acres  of  plowing  per  year,  the  4-plow 
tractor  is  the  cheapest.  While  for  240  acres  of  plowing  per  year  the  4- 
plow  tractor  figures  only  a  little  cheaper  in  dollars  and  cents,  it  has 
the  advantage  that  it  performs  the  work  in  about  30  days  instead  of 
60,  as  is  necessary  with  the  smaller  one. 

Now,  there  are  two  ways  of  making  a  tractor,  intended  to  pull  4 
bottoms  6  in.  deep,  plow  8  in.  deep.  First,  by  hitching  3  plow  bottoms, 
instead  of  4 ;  second,  by  leaving  the  4  on  and  plowing  at  the  lower  speed 
of  about  1.9  m.p.h.  instead  of  2.5  m.p.h.  (which  every  tractor  should 
have)  ;  the  area  plowed  per  hour  and  the  cost  is  nearly  the  same.  In 
fact,  there  is  a  great  advantage  by  applying  the  first  method,  since  we 
can  easier  count  on  continually  using  the  full  power  of  the  tractor 
where  its  efficiency  is  the  highest.  Hard  spots  on  the  land,  or  grades,, 
will  be  overcome  by  shifting  to  the  low-speed  gear.  On  the  other  hand, 
with  a  two-plow  tractor  intended  for  fi-in.  deep  plowing  we  have  no 
other  choice,  if  extra  expense  for  specially  narrow  bottoms  should  be 
avoided,  but  to  run  the  plows  8  in.  deep  on  low  speed,  all  the  time. 

Manufacturers  have  too  long  likened  the  tractor  manufacturing  prob- 
lems to  the  truck  problems.  There  is  a  good  reason  for  building  4  or 
5  sizes  of  trucks  in  the  same  plant:  A  5-ton  load  cannot  be  handled 
sometimes  by  either  one  or  two  3-ton  trucks,  nor  is  it  economical  to  run 
a  3-ton  truck  with  a  1-ton  load,  but  in  plowing  the  load  can  easily  be 
adapted  to  the  full  power  of  the  tractor. 

It  is  important  to  note  that  the  above  conclusion  has  been  reached, 
although  the  preliminary  assumption  was  made  that  the  2-plow  tractor 
will  probably  be  the  most  popular  type  and  therefore  the  cheapest 
to  manufacture.  But  since  we  have  reached  the  conclusion  that  the  4- 
plow  outfit  is  the  most  economical  it  can  be  expected  that  due  to  its 
production  in  large  quantities  its  price  per  horse-power  will  not  be 
25%  higher  than  that  of  the  2-plow  outfit  as  assumed  at  the  start  of 
this  analysis  but  perhaps  even  lower. 

Following,  is  a  list  of  articles  containing  further  illustrations  of  the 
use  of  graphic  charts  of  the  class  discussed  in  this  chapter  and  per- 
taining to  kindred  subjects. 

Upon  request,  the  Codex  Book  Co.,  Inc.,  19  William  Street,  New 
York,  will  be  glad  to  procure,  where  possible,  copies  of  magazines  con- 
taining the  articles  needed,  only  charging  the  ''old  magazine"  price, 
plus  postage. 

"Making  a  Cost  Profile,"  P.  L.  Mathews,  Coal  Age,  November  4,  1916. 

''Mastering  Power  Production,"  Series  I-X,  Walter  N.  Polakov,. 
Industrial  Management,   January,   1^18  to  November,   1918. 

"Power  Plant  Operating  Costs,"  Walter  N.  Polakov,  Power,  Feb- 
ruary 15,  1916.' 

"Standardization  of  Power  Plant  Operating  Costs,"  Walter  N.  Pola- 
kov, Electric  Traction,  February,  1916. 
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''Expenditure  Chart  for  Executives,"  F.  J.  Schlink,  Industrial  Man- 
agement, ^larch,  1918. 

"Relation  of  Quantity  Production  to  Cost,"  A.  G.  Popcke,  Industrial 
Management,  January,  1918. 

"How  to  Determine  the  Amount  That  Can  Be  Economically  Spent 
for  Remedying  Plant  Defects,"  Electrical  World,  April  8,  1916. 

"Picturing  Prices  by  Charts,"  H.  B.  Twyford,  Factory,  June,  1916. 

"Diagram  Showing  Increasing  Cost  of  Rock  Excavation  as  Cuts  Be- 
come Shallow,"  L.  N.  Jenssen,  Engineering  and  Contracting,  October 
30,  1907. 

"Graphic  Method  of  Estimating  Core  Costs,"  Edw.  S.  Dean,  Iron 
Age,  May  6.  1915. 

"Choice  of  Electrification  for  a  Concrete  Case,"  Electric  Railway 
Journalj  December  27,  1913. 

"Cost  of  Compressing  Air  by  Electricity,"  W.  C.  Lancaster,  Power, 
February  3,  1914. 

"Joint  Use  of  Central  Station  Service  and  an  Isolated  Plant,"  Elec- 
trical  World,  January  13,   1917. 

"Power  Requirements  of  Grain  Elevators,"  F.  F.  Espenschied, 
Electrical  World,  June  30,  1917. 

"Power  Generation  for  Electric  Railways,"  Henry  C.  Stott,  Electrical 
World,  October  13,  1917. 

"Some  Difficulties  with  Iron-Wire  Transmission,"  M.  D.  Leslie, 
Electrical  World,  October  13,  1917. 

"A  Graphic  Chart  for  the  Evaluation  of  Coal,"  A.  F.  Blake,  Journal 
of  Industrial  and  Engineering  Chemistry,  December,  1916  and  August 
1,  1918. 

"Cost  of  Coal  on  the  Heat  Value  Basis,"  Railway  Review,  Decem- 
ber 9.  1916. 

"Equivalent  Cost  of  Coal  and  Oil  as  Fuel,"  R.  L.  Wales,  Power, 
March  13,  1917. 

"Belts,  Their  Selection  and  Care,"  C.  J.  Morrison,  Engineering 
Magazine,  July,  1916. 

"The  Life  of  a  Truck,"  by  W.  F.  S.,  Factory,  May,  1918. 


CHAPTER  XII 
Scheduling  and  Progress 

In  this  chapter  are  given  examples  of  another  important  function  of 
charts — that  of  graphic  scheduling  and  the  recording  of  the  progress 
of  work.  There  is  small  need,  in  these  times,  to  dwell  upon  the  ab- 
solute necessity  of  laying  out  a  schedule  in  advance  for  all  work  which 
is  to  be  efficiently  and  economically  done.  All  of  the  many  books  upon 
the  science  of  management  emphasize  the  importance  of  this  feature 
and  the  proof  of  the  practical  value  of  it  lies  in  the  fact  that  every 
concern  which  makes  any  pretense  whatever  of  employing  the  principles 
of  efficiency  has  some  method  of  planning  its  work  in  advance. 

A  schedule  is  of  little  value  unless  it  is  known  whether  it  is  lived 
up  to,  and  if  there  is  any  departure  from  it  there  must  be  a  means  of 
knowing  it  at  once  so  that  the  causes  may  be  investigated  and  remedied. 
It  is  these  things  which  the  chart  accomplishes  better  than  any  other 
method  as  it  furnishes  a  picture  which  cannot  be  misinterpreted. 

Construction  Work.  An  example  of  a  schedule  chart,  Fig.  1  to- 
gether with  the  explanation  of  how  it  operates,  is  given  by  A.  G.  Hill- 
berg  in  Contracting,  November,  1916. 

It  is  necessary  for  a  contractor  to  plan  his  job  in  such  a  way  that 
work  on  one  part  of  it  will  not  interfere  with  work  on  another  part, 
and  so  that  when  the  work  has  progressed  to  any  particular  point  the  re- 
quired machinery  and  materials  are  on  the  job,  thus  preventing  unneces- 
sary delays.  In  planning  the  construction,  therefore,  a  schedule  should 
be  made  showing  the  time  allotted  to  each  part  of  the  work.  The  plant 
and  supplies  should  be  ordered  in  accordance  with  this  schedule,  and 
a  wise  contractor  should  see  that  they  are  on  the  ground  and  in  advance 
of  the  time  when  they  are  actually  required. 

In  planning  the  construction  of  a  25,000-hp.  hydro-electric  develop- 
ment in  the  Southwest,  on  which  work  is  to  begin  soon,  the  writer  made 
up  the  accompanying  construction  schedule.  15  mo.  are  allotted  to 
complete  the  work,  and  it  was  therefore  deemed  wise  to  try  to  finish 
the  job  in  12  mo.,  thus  being  able  to  claim  a  substantial  bonus. 

The  hollow  dam  is  400  ft.  long  and  145  ft.  high,  with  large  buttresess 
supporting  a  deck.  The  power  house  has  a  substructure  of  mass  con- 
crete and  a  superstructure  of  structural  steel  with  brick  walls.  Con- 
crete without  reinforcement  was  specified  because  it  was  desired  to  make 
immediate  use  of  the  power  house  crane  in  the  erection  of  the  machinery. 
A  structure  of  reinforced  concrete  would  have  to  be  at  least  three  months 
old  before  it  could  safely  carry  the  heavy  crane,  to  say  nothing  about 
the  form  work,  which  would  interfere  with  the  work  in  the  generator 
room. 

The  construction  has  been  classified  in  three  divisions:  I,  dam;  II, 
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power  house,  and  III,  transmission  lines  and  substations,  and  arranged 
so  that  work  can  be  carried  on  independently  in  every  division. 

Work  is  commenced  on  division  I  with  the  construction  of  cofferdams 
and  the  installing  of  the  construction  plant.  About  one  mile  of  rail- 
road must  be  built,  but  otherwise  the  work  required  is  not  extensive 
as  an  abundant  supply  of  gravel,  sand,  and  boulders  can  be  obtained 
in  the  river  banks.     Therefore  no  crushing  plant  is  needed. 

After  the  mattress  and  the  cut-off  have  been  built  on  the  dry  east 
bank,  it  will  be  necessary  to  cofferdam  and  divert  the  river.  It  is 
planned  to  do  this  during  the  latter  half  of  the  fourth  month  and  first 
half  of  the  fifth  month.  The  work  on  the  dam  can  then  proceed  with- 
out further  interruptions,  as  it  will  be  above  high  water  level. 

During  the  later  half  of  the  eighth  month  the  penstocks  will  be 
placed  and  during  the  ninth  month  the  intake  will  be  built  around  their 
front  parts.  The  penstocks  cannot  be  delivered  soon  enough  for  any 
earlier  installation.  All  orders  to  manufacturers  are  assumed  to  be 
given  out  during  the  first  month  of  the  work. 
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Fig.  1 — Construction  Chart  for  Dam,  Power  House,  and  Transmission  Line 


The  gates,  racks,  and  gate  operating  machinery  can  be  placed  at 
leisure  any  time  after  the  concrete  work  on  the  intake  has  been  com- 
pleted, and  have  been  planned  to  take  place  as  shown  on  the  chart. 
This  completes  the  work  on  the  dam. 

The  I  work  on  division  II,  the  power  house  substructure,  cannot  be 
commenced  before  the  upstream  cofferdam  has  been  completed  across 
the  river,  which  will  be  about  at  the  end  of  the  fourth  month. 

The  work  on  the  substructure  can  be  stretched  over  four  months, 
which  means  one  and  one-half  units  per  month,  the  power  house  con- 
sisting of  five  5,000-hp.  units  and  one  exciter  bay. 

At  the  beginning  of  the  eighth  month  the  steel  will  arrive  and  as  it 
weighs  only  about  85  tons,  it  can  easily  be  erected  in  one  month  so 
that  the  substructure  and  the  framing  for  the  superstructure  will  be 
finished  at  the  same  time.  The  crane  can  then  be  installed  and  the 
erection  of  the  machinery  commenced. 

Two  months  have  been  allowed  for  the  erection  of  the  hydraulic  ma- 
chinery and  two  months  for  the  electrical  machinery.     The  work  on  the 
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"brick  panels  of  the  side  walls  and  the  interior  decorating  can  be  carried 
on  independent  of  the  installation  of  the  machinery. 

The  final  locations  of  the  transmission  lines,  division  III,  will  be  de- 
termined during  the  first  three  months  of  the  work;  then  the  materials 
will  be  ordered  for  them  and  their  erection  begun.  As  the  substations 
are  few  and  small  and  can  be  built  quickly,  they  will  be  erected  during 
the  last  six  months  of  the  work,  after  their  final  locations  have  been 
decided  upon  in  connection  with  the  survey  of  the  transmission  system. 

From  this  chart  the  size  of  the  construction  plant  can  be  determined. 
Later  on  each  group  on  this  chart  must  be  subdivided  so  as  to  show 
exactly  how  to  carry  on  the  work  on  each  part.     For  instance,  the  dam 
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Fig.  2 — Track-Elevation  Program 


consists  of  deep  cutoff  wialls,  a  distributing  mattress,  buttresses,  a  con- 
crete deck,  bridge  along  the  top,  etc.  A  separate  chart  must  be  made 
showing  the  scheduled  progress  on  these  parts  by  weeks  or  even  days, 
so  as  to  enable  the  contractor  to  see  at  an  early  date  whether  he  needs 
additional  plant  and  men  to  complete  the  job  on  time. 

Railroad  Work.  Fig.  2  and  the  following  excerpt  from  Engineering 
Record^  July  15,  1916,  describe  a  schedule  chart  for  track  elevation 
work. 

After  considerable  experimenting  C.  H.  Buford,  assistant  engineer 
of  the  Chicago,  Milwaukee  &  St.  Paul  Railway,  who  is  in  charge  of  the 
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North  Side  track  elevation  work  of  that  road  in  Chicago,  has  devised 
a  diagram  for  the  desired  progress  of  his  work.  It  will  be  seen  that 
at  the  top  and  bottom  of  the  chart  are  diagrammatic  plans  showing  the 
streets,  tracks  and  stations  as  of  Feb.  1,  before  the  season's  work  was 
started,  and  as  proposed  for  May  30.  In  the  center  section  the  ab- 
scissas correspond  to  the  location,  and  the  vertical  spaces  are  months. 

This  part  of  the  diagram  is  self-explanatory.  Each  part  of  the  work 
is  represented  by  different  conventions.  For  the  trestles  and  the  like, 
which  are  continuous,  the  line  is  also  continuous.  Most  of  the  items, 
however,  have  to  do  with  the  bridges,  which  are  only  at  the  streets,  and 
for  these  items  the  heavy  lines  across  the  street  are  connected  by  lighter 
broken  ones  of  the  proper  convention. 

The  various  lines  show  clearly  the  desired  sequence  of  operations  and 
the  time  intervals  planned  between  them. 

Scheduling  Labor  Requirements.  A  somewhat  different  use  for  a 
schedule  chart  is  clearly  explained  by  R.  von  Huhn,  in  Industrial  Man- 
agement, February,  1919,  in  an  article  entitled  ''Graphical  Analysis 
of  an  Overtime  Problem.''     The  following  is  quoted: 
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Fig.  3 — Delivery  Rates  from  Sub-Contractors  and  Compound  Deliveries  Per  Month 

A  large  manufacturing  company  was  given  a  contract  requiring 
92,300  castings.  At  the  time  the  company  accepted  the  contract  its 
own  foundry  was  turning  out  maximum  production.  The  management, 
therefore,  was  forced  to  seek  outside  help  and  to  issue  sub-contracts 
with  guaranteed  delivery  rates,  the  production  of  the  92,300  castings 
being  distributed  among  10  different  concerns. 

The  delivery  rates  being  quoted,  the  question  immediately  arose  as 
to  how  much  time  would  be  required  to  machine-finish  the  castings 
ready  for  assembly.  Naturally,  the  delivery  promises  of  the  10  sub- 
contractors varied  greatly  and  were  a  function  of  the  magnitude  of 
the  concerns  involved,  as  well  as  their  working  capacity,  other  contracts 
being  booked  for  other  customers. 
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The  delivery  promises  were  arranged  in  a  table,  according  to  the 
dates  at  which  deliveries  could  begin,  and  each  sub-contractor  was  given 
a  letter.  Fig.  3  shows  this  arrangement.  It  gives  a  complete  record 
of  the  expected  output,  and  of  the  delivery  promises  for  the  different 
time  intervals.  With  the  aid  of  this  table,  the  ''resultant"  or  ''com- 
pound delivery  rate"  may  be  calculated  at  which  the  combined  com- 
panies will  furnish  the  castings  during  each  month;  company  A,  for  in- 
stance is  booked  for  a  total  of  900  castings,  which  were  contracted  to 
be  delivered  during  a  period  of  nine  months,  starting-  with  January 
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Fig.  4 — Time  Curve  of  Cumulative  Compound  Deliveriea 

1,  1917 — which  means  that  company  A  is  working  at  a  delivery  rate 
900 

of =  100  castings  per  month. 

9 
On  February  1  company  B,  which  agreed  to  deliver  6,000  castings 
within  a  period  of  six  months,  starts  delivery  too,  with  a  guaranteed 
6000 

delivery  rate  of =  1,000  castings  per  month. 

6 
1000  +  100  =  1100  castings  per  month. 

In  this  way,  the  compound  delivery  rates  may  be  calculated  for  the 
entire  period,  and  for  all  the  companies  involved,  and  the  results  are 
compiled  in  the  column  "Total  Compound  Deliveries  Per  Month"; 
Thus,  the  exact  number  of  castings  expected,  and  consequently  to  be 
machined  ready  for  assembly,  can  be  determined.  If,  furthermore,  the 
monthly  compound  delivery  rate  is  cumulated  and  plotted  from  the 
column   "Cumulative   Compound  Delivery   Rates,"   against   time    (24 


5  ^.^^^^^1    cr 
III  u  I  i  1]  J  L  u    .!  '■' 


234 


HOW  TO  MAKE  AND  USE  GRAPHIC  CHARTS 


months  in  our  case),  the  line,  ** Actual  Deliveries"  which  will  be  found 
in  Fig.  4  is  obtained. 

A  glance  at  the  diagram,  shows  that  the  delivery  rate  does  not  pro- 
ceed at  a  uniform  or  average  rate,  as  the  dot-and-dash  straight  line 
indicates,  but  that  the  delivery  rate  is  very  fluctuating  on  account  of 
the  uneven  deliveries  during  the  different  time  intervals.  The  total 
deliveries  require  24  months,  or  at  December  31,  1918,  the  desired  92,- 
300  castings  are  supposed  to  be  on  hand. 

Let  us  call  this  number,  or  the  ordinate,  on  December  31,  1918,  100% 
and  let  us  divide  it  into  10  parts;  then  each  part  of  the  total  length 
of  the  ordinate,  represents  10%  of  the  total  expected  deliveries,  or,  in 
figures,  9,230  castings.  It  is  obvious  that  the  intersection  of  X  of  the 
cumulative  production  curve  with  the  horizontal  dotted  10%  line  (right- 
hand  scale)  indicates  that  up  to  October  10,  1917,  only  10%  of  the 
total  expected  output  will  be  delivered.  The  next  intersection,  Y,  shows 
that  20%  of  the  total  output  will  be  delivered  the  middle  of  January, 
1918. 

In  relation  to  time,  this  means:  It  took  about  38%  of  the  total  time 
to  produce  the  first  10%  of  the  total  number  of  castings;  whereas,  it 
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Fig.  5 — Number  of  Men  Required,  Based  on  an  Eight-Hour  Day 

took  only  about  14%  of  the  total  time  to  produce  the  next  10% ;  wMeh 
means  that  the  delivery  rate  from  October  10  to  January  15  was,  ap- 
proximately, 2.7  times  that  of  the  first  10%. 

The  ideal  production  line  is,  of  course,  the  dot-and-dash  line,  or  the 
line  of  uniform  delivery  rate.  If  production  were  uniform  the  point 
^^  would  hold  good  for  October  10.  This  point  represents  100%  of 
the  total  required  up  to  that  date,  or,  about  39%  of  the  total  required 
at  the  end  of  the  expiration  date  of  the  contract  December  31,  1918, 
or,  reading  left-hand  scale  (dot-and-dash  line  and  arrow  indicate  the 
points  in  both  cases),  percentage  as  well  as  actual  number. 

Therefore  the  magnitude  of  the  line  XX^  represents  the  deficit  of  uni- 
form production  and,  if  plotted,  will  represent  a  new  curve,  which 
in  some  particular  instances  is  of  great  interest  to  the  executive. 

Based  on  this  production  diagram,,  the  next  phase  of  the  analysis 
follows:  The  machine  department  of  the  company  in  question  figures 
on  a  standard  force  of  35  men  available  for  turning  and  finishing  the 
castings.  It  has  been  ascertained  that  five  castings  can  be  turned  out 
by  one  man  in  eight  hours  per  day,  or  150  per  month  per  man. 

It  also  was  considered  necessary  to  finish  up  each  month  the  total 
number  of  castings  received  in  order  to  keep  pace  with  the  output 
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of  the  castings  which  means  a  considerable  fluctuation  of  the  working 
force  requirements. 

Let  us  assume  that  35  men  as  a  standard  gang  are  available,  and  call 
that  number  100%.  If,  now,  the  number  of  men  required  is  plotted 
for  each  month  as  indicated,  the  production  office  will  have  a  means  of 
analj^zing  the  situation  throughout  the  entire  period.  Fig.  5  gives  a 
complete  record  of  the  working  force  which  is  necessary  for  the  output 
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if  an  8-hour  day  is  to  be  maintained.  The  line  "Actual  Required  Gang! 
for  8-Hour  Day"  indicates  that,  up  to  April  1,  1918,  production  cani 
be  handled  by  the  "Standard  Gang."  After  that  outside  help  must' 
be  hired  if  production  shall  keep  up  with  the  delivery  rate.  The  hatched 
area  of  Fig.  5  shows  the  percentages  of  outside  help  necessary  to  ma- 
chine-finish the  delivered  castings.  * 
Suppose  now,  that  for  various  obvious  reasons  the  management  iS; 
not  inclined  to  increase  the  force  but  would  rather  introduce  over-' 
time  work.     A  new  diagram,  Fig.  6,  was  devised  to  analyze  what  max- 
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imum  production  could  be  covered  with  the  standard  force.  The 
abscissa  in  this  diagram  is  time,  and  the  ordinate  again  represents  pro- 
duction per  month;  or,  as  production  depends  directly  on  the  number 
of  men,  two  scales  are  possible;  one  scale  in  units  of  production,  the 
other  scale  in  units  of  men.  Therefore,  point  10  represents  the  num- 
ber of  castings  turned  out  by  ten  men  =  1,500  castings  per  month  based 
on  an  8-hour  day. 

Let  us  assume  now  that  a  crew  of  ten  men  work  11  hours  per  day 
throughout  the  month  instead  of  8  hours.  This  would  mean  three  hours 
overtime  throughout  this  period,  which  would  increase  the  production 
accordingly,  as  shown  where  the  10-line  intersects  with  the  three  hours 
abscissa  (point  X).  Each  unit  represents  150  castings,  and  the  in- 
creased amount  produced  would  be  approximately,  550  castings,  or  the 
total  for  that  period  525 -f  1,500  =  2,025  castings,  or  about  35%  in- 
crease. This  increase  the  diagram  also  shows  at  point  X.  In  othpr 
words,  point  X  shows  the  actual  increase  as  well  as  the  percentage  in- 
crease caused  by  overtime  work. 

The  next  step  was  to  plot  from  Fig.  3  the  column  ''Total  Deliveries 
Per  Month"  as  abscissa.  The  respective  positions  of  the  points  are 
indicated  by  the  horizontal  lines,  with  the  months  during  which  these 
deliveries  are  expected,  and  the  ^ctual  delivery  number  in  parenthesis. 
The  result  obtained  is  a  complete  analysis  of  the  required  working  force. 
During  the  month  of  July,  for  instance,  1,550  castings  are  the  com- 
pound delivery  rate.     Reading  horizontally  across,   (dot-and-dash  line, 


ABERTHAW  CONSTRUCTION   CO    JOB 

SUPT  CHIEF   CLERK 

H  V.  Sheohon Harry  Mf  Donah 


1093     FOR    SINOER    MFG   CO  BRIDGEPORT,  CONN. 

COST    CLERK  ENGINEER 

R  S    Kelign J  J    Keane  


ITEM 


SYMBOL  OUANTnVAMOOHT 


C/ear  J,fe 

P«9  Footinqs  6  roondations 
Shtttinq  *r  fbohngs 
m  -     Tunnels 

orr;c«rs  5  Shtds 

Gtnfr-al   PI  an  4- 

Walks,  r«nces.rtr: 
Unload  Lvmbf 

•  S+rel  . 

"     Cencrr**  Ma*inal9 
'Sow  Mill 
Mlxtr 
Towtr,  Hoiit  Soof^.rfc 

Forms    *0  Foo+inqS 
StttI  ^  Fooiinqi  A  Sundries 
Or<rt*tlbo*fi  araundn  MMbi  X 
Forms  *0  Tunnel 

-  Foondai-ion  Walls 
RackFill  A  Cradmq 
Qi^  A  QodrFill  forPjumbtr 


Dad 

Dewp 

Dewp+ 

Pen 

Py 

Pej 

Ful 

Pu 

Pes 
Pern 
Pels 

P9t 
Med 


Dtd 
Dedb 


KEY 

Total  totVHe  loWfeOChorf 

K0*5 

}«          424 

94?        mo 

•679       Ji«i 

2121       46M 

39S6     S6b0 

5751      7155 

^  .■    •Be^cyw  •mlO 

942       1020 

1619      2150 

2676     J695 

5620     4792 

5731     6451 

Onor*r.9 

4?4 

1266 

I4n 

1444 

1019 

M65 

Actual  * 

l\b 

62b 

157 

1091 
998 

1266 
1045 

1751 
1561 

Fig.  7 — Progress  Chart  Combined  with  "Bogey  Score' 


SCHEDULING  AND  PROGRESS 


237 


point  Y)  we  find  that  this  number  can  be  machined  by  ten  men  (based 
on  an  8-hour  day)   during  the  month. 

Considering  overtime  the  management  can  make  for  the  month  of 
March  (as  marked  by  *)  with  3,800  castings  to  be  machined  the  fol- 
lowing choice: 

Reading  straight  across,  the  amount  could  be  handled  (based  on  an 
8-hour  day)  with  approximately  25  men  (point  Z)  or,  following  the 
'''20-men"  line  until  it  intersects  with  the  horizontal  3,800  line  in  M, 
and  then  reading  vertically  downward  where  the  dot-and-dash  line 
intersects  with  the  ''overtime"  scale  in  TV,  we  see  that  about  2  hrs. 
10  min.  overtime  has  to  be  worked  to  handle  the  work  with  a  20-man 
crew. 

The  maximum  output  is  indicated  by  the  35-men  line,  which  readily 
shows  that  the  May,  August,  September  and  October  deliveries  cannot 
be  handled  by  the  standard  gang  even  with  three  hours  overtime,  with- 
out outside  help. 

The  manager,  therefore,  is  forced  either  to  reduce  output  for  these 
above-mentioned  periods  or  to  hire  additional  skilled  labor  to  take 
care  of  the  excessive  production. 

All  phases  of  a  contract  can  be  analyzed  in  this  way,  and  the  in- 
formation thus  obtained  is  of  supreme  value  and  readily  obtainable. 

Combination  Schedule  and  Progress  Chart.  An  illustration  of  this 
type  of  chart  is  given  by  Dan  Patch  in  his  article  "Predict  Labor  De- 
mand Before  Job  is  Started,"  published  October  11,  1917,  in  Engineer- 
ing News-Record,  as  follows: 
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In  seeking  a  record  of  a  job's  actual  cost  in  time  and  money  as  com- 
pared with  the  progress  schedule  made  for  it  in  advance,  the  Aberthaw 
Construction  Co.  has  modified  its  methods  somewhat,  so  that  it  is  pos- 
sible to  tell  in  advance  how  much  weekly  payrolls  must  amount  to  at 
each  stage  of  the  work ;  to  tell,  moreover,  not  only  whether  the  material 
progress  is  up  to  this  schedule  on  any  date,  but  exactly  how  far  behind 
or  ahead  it  may  be  in  terms  of  materials  and  labor  spent;  and  to  tell 
in  addition,  whether  the  work  is  ahead  or  behind  in  cost,  and  how  the 
work  actually  done  compares,  unit  for  unit,  with  the  estimates.  After 
predicting  the  weekly  labor  expenditure,  made  up  of  the  cost  of  all 
schedules  to  be  under  way  in  any  week,  these  methods  make  it  possible 
to  tell  definitely  in  terms  of  dollars  and  cents,  and  without  elaborate 
pencil-sharpening  or  guesswork,  whether  the  job  is  gaining  or  losing 
and  exactly  which  features  of  the  work  are  responsible  for  the  variation 
from  the  estimate. 

It  is  of  importance  to  those  financing  the  work  to  know  not  only 
how  much  money  is  to  be  spent  but  when,  and  of  quite  as  much  im- 
portance to  the  contractor  to  know  not  only  how  large  gangs  he  must 
have  but  when  he  will  need  them. 

The  construction  company  for  which  the  writer  works  has  for  some 
time  plotted  on  a  progress  chart  its  schedule  of  dates  for  the  operations 
to  be  undertaken  on  each  of  its  important  jobs,  as  an  aid  to  the  logical 
ordering  and  delivery  of  materials  to  the  job  and  as  a  scheme  for  the 
job  superintendent  to  follow  in  order  to  reach  the  ultimate  date  of 
delivery  on  time.  In  addition,  however,  the  management  desired  a 
method  of  keeping  in  the  central  office  a  record  of  the  job's  effect  on 
the  schedule.     As  a  result  of  this,  the  new  method  was  devised. 

The  progress  chart  now  has  combined  with  it  a  "bogey  score,"  or 
list  of  items  of  work  with  the  estimated  quantities  and  amounts  of 
money  allotted  for  their  performance.  Fig.  7.  The  money  allotted 
for  each  item  is  divided  up  throughout  the  time  scheduled  in  weekly 
amounts,  which  are  placed  below  the  schedule  line  in  the  middle  of 
the  week  space.  At  the  right  of  the  week  space,  below  the  line,  is  put 
the  sum  to  date  of  these  estimated  weekly  amounts.  This,  of  course, 
should  equal  at  the  end  of  the  line  the  amount  allotted  in  the  "bogey 
score."  When  all  the  money  has  been  thus  distributed,  each  column 
is  added  and  the  total  weekly  payroll  for  each  determined.  These  in 
turn  are  summed  to  date,  the  total  equaling  the  total  of  the  "bogey 
score." 

The  prediction  of  the  weekly  roll  and  the  total  to  date  are  plotted  on 
a  progress  curve  sheet.  Fig.  8,  in  fine  lines,  the  horizontal  lines  repre- 
senting the  payroll  and  their  connections  making  the  figure  resembling 
the  cross-section  of  a  mountain  range.  The  form  of  this  figure  will 
vary  according  to  the  type  of  job  and  speed  of  construction.  The  curve 
of  "total  to  date"  is  the  typical  sinusoid  of  most  construction  costs. 

With  the  construction  of  the  chart  and  curves  understood,  the  methods 
of  following  the  performance  will  be  grasped  readily.  The  cost  of  each 
item  is  kept  by  the  field  timekeepers  against  the  mnemonic  symbols  set 
Opposite  each  item  in  the  "bogey  score."  These  costs  to  date  are  en- 
tered each  week  in  the  left-hand  side,  above  the  line  for  each  item. 
But  the  cost  of  most  items  is  made  up  of  a  quantity  of  work  done  at 
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a  certain  cost.  This  quantity  of  work,  at  the  unit  cost  allowed  in  the 
''bogey,"  is  set  down  in  the  right  side  of  the  week,  above  the  line.  The 
total  weekly  roll  is  entered  at  the  foot  of  the  column  under  the  pre- 
dicted roll,  and  this  roll,  less  extras,  underneath  this. 

Now,  if  any  one  item  is  considered  the  rectangle  for  any  week  which 
has  passed,  it  will  look  as  follows : 


A — Actual  cost  of  item  to  date. 

B — What  cost  would  be  if  done  at  the  units  allowed  by  ''bogey  score.*' 

C — What  cost  would  be  if  the  quantity  scheduled  had  been  done  at 

the  units  allowed  in  the  "bogey  score." 
D — Predicted  weekly  expenditure  on  item. 


Then  if  A  is  less  than  B,  the  job  is  saving  money  on  the  item;  if  A 
is  greater  than  B,  money  is  being  lost.  If  B  is  greater  than  C,  the  job 
is  pushing  the  item  ahead  of  schedule;  if  B  is  less  than  C,  the  item  is 
behind. 
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Fig.  8— Curve  of  Total  Payroll  to  Date 


PREDICTED  AND  ACTUAL  WEEKLY  PAYROLLS 

Fig.    9 — Predicted    and    Actual    Weekly 
Payrolls 


The  blueprints  which  are  posted  on  the  central  office  board  are  not 
filled  out  each  week  so  as  to  give  these  detail  figures,  but  a  graphic 
method  is  used  to  give  the  results. 
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If  any  item  does  not  start  on  the  date  set,  a  red  line  is  started  above 
and  continued  until  the  item  starts  or  is  cancelled.  The  traveling  su- 
perintendent is  notified  of  the  red  line,  and  he  either  notifies  the  office 
that  the  item  has  been  found  unnecessarj^,  as  is  sometimes  true  of  sheet- 
ing for  footings,  etc.,  in  which  case  a  white  line  is  drawn  underneath, 
or  takes  steps  to  get  the  item  started.  When  the  item  starts,  a  yellow 
line  is  placed  beneath  and  drawn  up  to  the  point  where  the  money  to 
date,  under  the  line,  is  equal  to  the  cost  to  date  at  "bogey"  units;  that 
is,  where  the  value  of  C  equals  B.  This  graphically  represents  the  pro- 
portion of  the  item  done,  and  at  the  completion  of  the  item,  will  just 
reach  the  end  of  the  item  line.     As  each  week  is  entered,  a  white  ver- 
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Fig.    10 — Graphic    Method    of    Showing 
Progress 

tical  difference  line  is  drawn  through  the  date,  so  that  it  is  more  easily 
seen  how  the  job  stands.  The  bottom  of  the  chart  has  the  standing  of 
the  whole  job  plotted.  These  results  are  also  plotted  for  the  total  job 
on  the  progress  curves  in  the  heavy  black  lines. 

Now,  it  is  to  be  noticed  how  closely  the  actual  results  follow  the 
predictions;  that  is,  how  similar  the  heavy  is  to  the  light  form.  This 
would  indicate  that  for  any  given  job,  a  very  close  approximation  to 
the  labor  demands  and  expenditures  can  be  predicted  a  considerable 
time  ahead.  By  reference  to  the  chart,  the  trend  of  the  labor  at  any 
particular  time  during  the  job  can  be  determined ;  that  is,  when  masons 
will  be  demanded  and  how  many,  etc. 

In  case  of  large  operations,  covering  groups  of  buildings,  the  super- 
posing of  these  individual  job  curves,  showing  the  predicted  and  actual 
weekly  rolls,  of  which  Fig.  9  for  one  of  the  company's  large  contracts 
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is  an  example,  will  give  a  resultant  curve  of  the  total  operation  to  be 
financed.  Labor  is  an  active  liability  and  has  to  be  met  with  cash. 
Merely  dividing  the  total  estimated  cost  by  the  length  of  the  job  gives 
no  idea  of  the  peak  load,  which  may  be  of  importance. 

It  may  be  of  further  interest  to  note  the  graphic  method  of  showing 
the  progress  curve  sheet.  To  do  this,  consider  the  curves.  Fig.  10,  for 
the  job  for  which  the  progress  chart  is  shown.  Enlarge  the  section  near 
the  terminal  of  the  lines  to  date  of  July  11,  and  the  diagram  will  in- 
dicate the  conditions  of  the  job.  Should  the  progress  line  be  on  the 
opposite  side  of  the  ''bogey"  curve,  then  the  job  would  be  ahead  of 
the  schedule;  if  the  curve  of  the  actual  cost  of  "bogey"  items  should 
be  above  the  progress  curve,  there  would  be  indicated  an  overrun  in 
cost. 

Another  Form  of  Progress  Chart  is  illustrated  and  described  by  E. 
W.  Robinson  in  Engineering  and  Contracting,  December  17,  1913.  Part 
of  this  article  follows: 


Fig.  11 — Specimen  Progress  Elevation  and  Profile  of  a  Bridge  « 

The  following  is  a  general  outline  of  an  office  system  that  has  been 
worked  up  and  tried,  with  more  or  less  modification,  on  five  reinforced 
concrete  jobs  varying  in  size  from  $20,000  to  $115„000.  The  cost-keep- 
ing and  progress  charts  were  taken,  with  very  few  changes,  from  a 
system  worked  out  by  another,  but  the  rest  of  the  system  described 
herein  was  worked  out  by  trial  from  a  knowledge  of  the  results  desired, 
aided  by  suggestions  obtained  from  reading  many  articles  in  the 
various  engineering  and  contracting  magazines  and  treatises. 

A  more  or  less  permanent  record  of  the  progress  of  the  work  is  ob- 
tained by  means  of  diaries,  notes  on  the  timekeeper's  daily  reports  and 
photographs  taken  at  regular  intervals. 

The  weather  report  of  the  U.  S.  Department  of  Agriculture  is  re- 
ceived each  day  from  the  nearest  weather  bureau  and  filed  as  a  per- 
manent record  of  the  weather  to  supplement  the  records  of  the  daily 
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reports.  On  bridge  work  a  water  gauge  is  set  near  each  job  and  a 
record  made  and  plotted  on  cross-section  paper  of  each  and  every 
change  in  the  water  level  of  the  river.  All  unusual  rises  in  the  river 
are  shown  on  the  progress  profile  which  is  described  later.  This  shows 
at  a  glance  the  effect  of  the  high  water  upon  the  progress  of  the  work. 

An  accurate  record  of  the  amount,  kind,  location,  etc.,  of  the  various 
items  of  work  done  each  month  is  obtained  at  the  time  the  monthly 
estimate  is  made  up  and  is  shown  graphically  on  a  profile  and  on  the 
cost  charts.  In  the  case  of  bridge  work  a  profile  on  the  longitudinal 
center  line  of  the  structure  is  plotted  to  some  convenient  scale,  and 
directly  above  this  is  drawn  to  the  same  scale  an  elevation  of  the  com- 
pleted structure  in  outline  only  (Fig.  11).  Different  kinds  of  cross- 
hatching  are  used  to  show  the  location  of  work  done  during  different 
months,  and  the  same  convention  for  a  certain  month  is  used  through- 
out on  all  charts.  This  profile  shows  the  method  used  in  prosecuting 
the  work,  and  is  valuable  in  connection  with  the  cost  data,  as  it  ex- 
plains many  things  regarding  unusual  unit  costs  for  any  particular 
month.  On  a  concrete  bridge  this  profile  will  show  the  progress  of  the 
excavation,  concreting,  piling  driven,  together  with  any  unusual  stages 
of  the  river  as  stated  in  the  preceding  paragraph. 

The  progress  charts  (Figs.  12,  12 A,  13)  serve  two  purposes,  to  show 
the  actual  amounts  of  materials  used  and  work  completed  and  to  give 
the  costs  of  the  same.  They  consist  of  parallel  vertical  columns  which 
are  filled  with  the  particular  kind  of  cross-hatching  for  the  month  in 
which  the  work  was  done.  About  two-thirds  the  way  up  from  the  bot- 
tom a  heavy  horizontal  line  is  drawn  through  the  columns  to  represent 
the  estimated  quantities  and  costs  or  100%.  This  line  also  represents 
the  time  for  completion  as  shown  in  the  contract.  Then  if  there  is  es- 
timated to  be  1,000  cu.  yds.  of  concrete  to  be  poured,  and  the  total  time 
for  completing  the  job  is  four  months,  if  at  the  end  of  the  second  month 
there  are  only  250  cu.  yds.  in  place,  the  cross-hatching  in  the  quantity 
column  under  the  heading  of  ''concrete"  will  be  advanced  from  where 
it  was  the  previous  month  to  a  point  25%  from  the  bottom  line  of  the 
chart,  while  in  the  time  column  the  same  style  of  cross-hatching  will  be 
advanced  to  a  point  50%  from  the  bottom.  This  will  show  for  that 
particular  item  we  are  only  25%  completed,  when  to  finish  according 
to  schedule  time  we  should  be  50%  completed.  On  a  large  job  with 
many  items  of  nearly  equal  importance  it  requires  judgment  to  state 
the  stage  of  the  work  from  these  charts,  for  the  reason  that  when  our 
time  is  50%  gone  several  items  may  be  99%  completed  and  others  only 
5%,  and  the  relative  importance  of  the  different  items  must  be  taken 
into  account.  The  principal  value  of  the  charts,  however,  is  in  show- 
ing the-  unit  costs  from  month  to  month,  and  their  variation  according 
to  quantities,  locations,  weather,  etc.  The  same  variation  in  regard  to 
cost  may  exist  as  in  regard  to  time.  That  is  several  items  may  run 
200%  or  even  more  above  the  estimated  cost  for  that  item,  and  yet  the 
job  as  whole  be  completed  below  the  estimate.  If  the  unit  costs  as  a 
whole  are  running  close  to  the  estimated  costs,  then  the  total  actual 
cost  column,  when  compared  with  the  time  column,  shows  a  fairly  ac- 
curate representation  of  the  rate  of  progress. 

Three  separate  charts  are  made  for  each  job.     The  first,  Fig.  12,  is 
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called  the  Labor  Chart  and  contains  only  the  items  shown  on  the  pay-roll 
sheets.  While  there  are  some  labor  items  that  never  get  on  the 
pay-roll  sheets,  the  reason  this  separation  is  made  is  because  of  the 
ease  with  which  a  check  is  kept  on  the  costs.  The  timekeeper  makes  out  a 
daily  report  showing  the  distribution  of  labor  to  each  item  listed  on 
the  chart.  This  is  made  to  check  the  actual  pay  roll  each  week.  It 
is  easy  for  the  timekeeper  to  keep  an  accurate  record  down  to  the  near- 
est half  hour  for  each  man  on  each  class  of  work. 


Fig.  13 — Summary  of  Labor  and  Material  Expenditure  and  Plant  Cost 

The  unit  costs  for  each  month  are  written  in  small  figures  in  the 
total  cost  column.  These  vary  considerably  from  month  to  month,  and 
would  occasionally  be  cause  for  alarm  were  it  not  for  the  explanation 
given  by  the  progress  profile.  For  instance,  one  month  the  cost  per 
square  foot,  or  per  cubic  yard,  too,  for  erecting  forms  for  sub-structure 
was  three  times  as  high  as  it  was  the  month  previous.  Turning  to  the 
progress  profile  we  see  that  on  this  particular  month  the  tops  of  four 
piers  only  were  finished  which  had  small  yardage  and  superficial  area, 
but  were  so  cut  up  with  offsets,  curved  surfaces,  coping,  etc.,  as  to 
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be  very  costly  as  compared  with  tlic  massive  work  of  the  month  be- 
fore. 

"While  the  second  chart,  Fi^.  12A,  is  called  the  Material  Chart  it  really 
shows  all  other  items  of  expense  not  shown  on  the  Labor  Chart  except 
that  of  plant  or  equipment.  As  shown,  there  are  three  items  that  are 
not  material;  namely,  general  overhead  expense,  office  expense  and  cost 
of  insurance  and  bond.  All  other  items  are  material  items  and  are 
taken  directly  from  the  books  for  that  job.  All  hauling,  loading  and 
unloading,  etc.,  of  material  is  charged  to  material  directly  and  not  as 
a  labor  item.  The  unit  costs  of  the  different  items  on  the  Material  Chart 
give  the  costs  placed  on  the  job  ready  to  be  incorporated  into  the  com- 
pleted structure. 

The  third  chart,  Fig.  13,  is  merely  a  summary  of  the  first  two,  to- 
gether with  the  plant  expense,  chargeable  to  that  job.  The  first  cost, 
in  the  case  of  new  equipment,  and  the  invoiced  value  in  the  case  of 
second-hand  equipment,  is  charged  directly  to  each  job  as  it  is  placed 
on  the  work.  Then  the  sale  price,  if  sold,  or  the  invoiced  value  if 
moved  to  another  job,  is  given  as  a  credit,  leaving  the  balance  as  the 
depreciation  or  cost  of  plant  for  that  job. 
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Fig.  14 — Progress  Chart,  South  Trunk  Sewer,  Camp  Lewis 


Sewer  Work.  Still  another  form  of  progress  chart  is  shown  in  Figs. 
14  and  15.  These,  with  the  following  description,  are  taken  from 
Engineering  News-Record,  June  13,  1918. 

Progress  charts  on  sewer  construction  at  Camp  Lewis,  American 
Lake,  Wash.,  were  used  with  great  success  by  tlie  superintendent  to 
keep  the  various  divisions  of  the  work  balanced  as  to  men  and  ma- 
terial, so  that  all  the  work  would  be  completed  at  the  same  time.  They 
were  also  used  to  gage  the  probable  date  of  completion  and  in  making 
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reports  to  the  contracting  quartermaster  and  the  contractors'  advisory 
committee. 

When  the  plans  had  been  made,  and  as  each  division  was  released 
by  the  engineering  department,  a  progress  chart  was  immediately  made 
up,  a  projected  progress  charted,  and  an  estimate  made  of  the  men, 
teams  and  materials  required.  These  were  immediately  assembled  and 
the  progress  charted  daily.  September  1  was  the  projected  date  of 
completion  in  every  case. 


?  4  b  6  lOI2l4l6ia20222426  24JO 
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August  '«ptember 


Fig.  15 — Combined  Progress  Chart  for  Entire  Sewer  System, 
Camp  Lewis 


It  was  found  as  the  work  progressed  that  the  line  of  progress  on  the 
chart  indicated  an  earlier  date  of  completion  than  that  projected.  After 
careful  study  of  the  charts  a  new  date  was  set  as  Saturday  night,  Au- 
gust 25,  and  the  distribution  of  labor  and  material  was  made  with  this 
date  in  view.  All  work  embraced  in  the  original  plans  was  completed 
on  that  date,  the  last  piece  of  tile  to  make  the  connecting  link  on  each 
division  being  laid  on  the  same  day. 

Figs.  14  and  15  show  the  chart  for  the  south  trunk  sewer  and  the 
combined  progress  chart  for  the  whole  system  with  the  projected  and 
actual  lines  of  progress  plotted.  The  distribution  of  men  and  teams 
was  plotted  on  the  same  charts. 

Transmission  Line  Progress  Chart.  Fig.  16  and  the  accompanying 
description  are  from  Electrical  Review,  September  7,  1918. 

In  the  erection  and  construction  of  transmission  lines,  traversing  as 
they  do  in  many  cases  long  distances,  the  need  for  definite  and  yet  con- 
cise progress  reports  is  pronounced.  Gangs  of  men  often  move  from 
camp  to  camp  with  the  progress  of  the  line,  only  coming  into  tovvn 
once  a  month  or  so.  Materials  have  to  be  delivered  where  wanted, 
otherwise  the  cost  of  doing  the  work,  delays  and  disorganization  are 
bound  to  follow. 

By  drawing  up;  a  simple  yet  complete  form  of  progress  chart,  which 
may  be  mailed  or  in  some  other  way  gotten  into  headquarters  or  office 
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of  the  engineer,  delays  and  loss  of  material  can  be  avoided,  and  the 
work  may  be  prosecuted  with  despatch  at  minimum  cost.  Fig.  16 
shows  part  of  one  form  of  progress  chart  that  is  at  once  convenient, 
accurate  and  simple.  To  make  it  complete  requires  a  minimum  amount 
of  effort  on  the  part  of  the  foreman  and  little  actual^  writing  at  that. 
Yet  it  tells  the  tale. 

The  chart  covers  one  week's  work.  Progress  obtained  during  the 
week  is  indicated  by  filling  in  the  squares  in  blue,  while  the  preceding 
progress  is  shown  in  red.  This  form  of  chart  is  about  as  fool-proof  as 
it  is  possible  to  make  such  a  report.  A  profile  in  addition  to  the  map 
shown  is  also  included  in  the  progress  chart,  but  this  is  not  here  shown. 

Railway  Scheduling.  An  excellent  example  of  how  clear  a  chart 
makes  a  comparison  of  schedules  is  given  by  C.  W.  Squier  in  Electric 
Railway  Journal,  March  21,   1914.     In  part,  this  is  as  follows: 

The  following  comparison  of  operating  conditions  on  three  elevated 
lines  which  have  the  same  equipment  and  service  requirements  is  made 
from  actual  tests.  It  will  serve  as  an  example  of  the  relation  between 
running  time  and  distance  between  stops: 


Average  Distance 

Between  Stops,  Ft. 

1859 

1926 

1972 


Schedule  Speed, 

M.p.h. 

13.5 

13.7 

13.8 


A  comparison  of  these  figures  shows  how  the  schedule  speed  drops 
off  as  the  distance  between  stops  decreases.  The  line  with  the  great- 
est distance  between  stops,l,972  ft.,  has  a  schedule  speed  of  0.3  m.p.h. 
greater  than  the  line  with  1,859  ft.,  or  there  is  an  increase  of  0.3  m.p.h. 
for  an  increase  of  but  113  ft.  between  stops. 

To  follow  the  comparison  further,  I  have  drawn  the  four  distance- 
time  curves  shown  in  Fig.  17.     These  are  plotted  with  the  same  operat- 
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Fig.  17 — Effect  of  Spacing  of  Stations 
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ing  characteristics  so  that  the  resulting  running  time  is  comparable 
with  the  distances  between  stops,  which  have  been  taken  as  1,750  ft., 
2,060  ft.,  2,500  ft.  and  3,000  ft.  respectively. 

If  we  assume  that  with  any  increase  in  the  distance  between  stops. 
a  passenger  will  have  to  walk  one-half  this  increased  distance,  and  if 
we  add  this  time  to  the  time  taken  by  the  train,  we  find  that  a  person 
traveling  7  miles  will  save  1  min.  37  sees,  when  the  distance  between 
stops  is  increased  from  1,750  ft.  to  2,060  ft.,  3  min.  9  sees,  when  the 
distance  between  stops  is  2,500  ft.,  and  4  min.  5  sees,  when  the  distance 
between  stops  is  3,000  ft. 

A  further  betterment  of  the  service  will  be  brought  about  by  the 
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Fig.  18 — Electric  Switch  Engine  Requirements 


decreased  headway  and  increased  number  of  passenger  seats  which 
would  result  from  this  greater  distance  between  stops.  With  a  line  10 
miles  long  and  stations  spaced  1,750  ft.  apart,  seventeen  trains  would 
be  required  to  maintain  a  5  min.  headway.  With  the  distance  between 
stops  increased  to  3,000  ft.  the  same  number  of  trains  would  be  able 
to  maintain  a  4-min.  headway.  Thus  the  time  between  trains  and  the 
consequent  delay  occasioned  by  waiting  for  them  is  reduced  one  minute. 
This  saving  will  offset  some  of  the  extra  time  taken  to  walk  the  in- 
creased distance. 

This  decreased  time  between  trains  will  give  three  more  trains  per 


SCHEDULING  AND  PROGRESS 


251 


hour  passing  any  point  on  the  line.  If  we  assume  that  each  train  is 
capable  of  seating  500  passengers,  then  by  increasing  the  distance  be- 
tween stops  we  would  provide  1,500  more  passenger  seats  per  hour  and 
thus  add  to  the  comfort  of  travel. 

So  far  I  have  referred  only  to  such  points  as  might  be  of  advantage 
to  the  traveling  public.  The  operating  company  would  also  be  bene- 
fitted by  an  increased  distance  between  stops.  Energy  consumption 
would  decrease  as  the  total  number  of  stops  would  be  less,  and  the 
rheostatic  losses  during  acceleration  would  be  proportional  to  the  num- 
ber of  stops.  Finally,  for  the  same  service  the  same  headway  could  be 
maintained  with  fewer  cars.  This  would  mean  less  capital  invested 
and  lower  maintenance  costs. 
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Scheduling  Equipment  Requirements.  The  following  is  from  Elec- 
trical Railway  Journal,  December  11,  1915: 

Locomotive-hour  diagrams  (Fig.  18)  have  been  worked  out  for  e^ch 
road,  and  the  number  of  electric  locomotives  required  to  handle  the  yard 
and  transfer  service  of  the  road  in  question  has  been  determined  from 
these. 

Scheduling  Merchant  Ships.  L.  P.  Alford,  in  Industrial  Manage- 
ment, September,  1918,  very  interestingly  describes  how  the  U.  S.  Ship- 
ping Board  employed  the  H.  L.  Gantt  progress  charts  to  control  the 
ship  movements  and  the  handling  of  their  cargoes  during  the  war.  The 
methods  described  not  only  are  just  as  valuable  now  that  peace  has 
come  but  also  they  are  applicable,  with  the  necessary  variations,  of 
course,  to  other  industries  where  the  control  of  outside  moving  units 
is  essential.     A  portion  of  the  article  follows: 

Simplicity  is  the  keynote  of  these  straight  line  charts  and  the  feature 
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which  distinguishes  them  from  other  charts  is  the  fact  that  they  indicate 
progress  both  as  to  time  and  amount.     They  show: 

What  the  job  is. 

When  it  is  to  be  begfun. 

When  it  is  to  be  finished. 

What  progress  has  been  made  in  the  past. 

What  progress  is  likely  to  be  made  in  the  future. 

These  are  not  the  methods  of  men  who  have  spent  their  lives  in  ship- 
ping circles,  but  of  an  engineer  who  tackles  the  problem  of  world-wide 
shipping  just  as  he  would  plan  putting  an  order  through  a  machine^ 
shop. 
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Fig.  21— Specimen  Ship  Chart  of  Commodities 

Ships  are  of  no  use  whatever  except  for  the  cargoes  they  deliver,  and 
no  two  ships  ever  do  a  thing  in  the  same  way.  They  must  be  handled 
individually — not  in  bunches.  In  the  Shipping  Board,  records  are  kept 
on  ship  movement  charts  of  more  than  11,000  vessels.  Ships  of  every 
nationality  are  shown  moving  in  and  out  of  the  nearest  and  most  re- 
mote ports.  They  move  up  and  down  the  Atlantic  from  Reykjavik  to 
Tierra  del  Fuego,  and  from  Antofagasta  on  one  side  of  the  Pacific  to 
Vladivostock  on  the  other.  The  chart  illustrated  in  Fig.  19  traces  the 
movements  of  a  few  vessels  in  the  fruit  trade  between  Santa  Marta, 
Colombia,  and  the  United  States.  The  key  in  the  lower  right  corner 
shows  the  meaning  of  the  plotted  symbols.  The  ports  at  which  the 
vessels  touch,  the  time  they  spend  in  those  ports,  the  time  at  sea,  and 
the  cargoes  they  carry,  are  all  shown  clearly  and  compactly. 

The  purpose  of  these  movement  charts  is  to  keep  in  one  place  all 
information  in  regard  to  locations  and  movements  of  vessels— the 
cargoes  delivered  depend  on  the  movements  of  the  vessels.  The  infor- 
mation entered  on  these  records  comes  from  various  sources  and  in 
various  forms:  the  daily  report  of  the  Naval  Communication  Service 
gives  movements  in  all  ports  of  the  United  States  and  its  possessions; 
cables,  some  daily  and  some  weekly,  give  locations  of  vessels  in  foreign 
ports.     Every  available  source  is  drawn  upon  for  this  information. 
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Other  government  departments  have  cordially  co-operated  with  the 
Shipping  Board  in  securing  information  as  to  cargoes  carried  by  the 
ships.  The  Shipping  Board  was  experiencing  considerable  difficulty 
in  securing  the  necessary,  prompt  information  as  to  movements  of  com- 
modities when  the  Department  of  Commerce  and  the  Treasury  Depart- 
ment came  to  its  aid  and  offered  the  services  of  their  seasoned  and 
world-wide  organizations.  Hundreds  of  thousands  of  cargoes  have 
been  checked  in  and  recorded  by  them  and  the  information  forwarded 
to  the  Shipping  Board  daily.  They  have  even  gone  further  and  have 
digested  the  information  and  at  ten-day  and  monthly  intervals  they 
furnish  summaries  to  assist  in  planning  the  operation  of  our  shipping. 
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Fig.  22 — An  Individual  Commodity  Chart 


The  round  trip,  or  **  turnaround "  as  it  is  called  in  shipping  circles, 
is  the  time  it  takes  a  vessel  to  do  a  task  set  for  it — i.e.,  the  interval  be- 
tween the  delivery  of  one  cargo  and  the  delivery  of  the  next.  Fig.  20 
illustrates  the  turnaround  of  vessels  in  the  nitrates,  manganese  and  Cu- 
ban sugar  trades.  This  chart  is,  of  course,  based  on  the  actual  perform- 
ance of  vessels  in  these  trades  and  its  purpose  is  to  furnish  a  basis  for 
forecasting  the  dates  on  which  vessels  will  deliver  their  cargoes.  The 
figures  above  the  lines  indicate  the  time  consumed  in  the  various  parts  of 
the  voyage  (the  delays  in  ports  become  immediately  apparent)  and  the 
figures  below  the  lines  tell  how  many  days  are  likely  to  elapse  before  the 
vessel  delivers  her  cargo. 


SCHEDULING  AND  PROGRESS 


255 


The  chart  illustrated  in  Fig.  21  connects  the  individual  vessels  and 
the  cargoes  they  deliver  with  the  task  that  has  been  set.  The  angles 
opposite  the  various  vessels  indicate  the  time  of  delivery  of  cargoes; 
the  figures  in  the  angles  indicate  the  tons  of  cargo  delivered.  The 
angles  which  contain  no  figures  indicate  the  time  of  future  arrivals, 
based  on  turnaround  charts.  In  the  absence  of  information  as  to  the 
amount  of  cargo  to  be  lifted,  the  capacity  of  each  vessel,  as  shown  at  the 
left  of  the  chart,  is  taken  as  the  amount  she  will  deliver  at  the  time 
indicated  by  the  angle. 

At  the  top  of  the  sheet,  the  horizontal  figures  show  monthly  require- 
ments; vertical  figures  show  cumulative  requirements;  light  lines  in- 
dicate monthly  deliveries   (the  ratio  of  the  length  of  the  line  to  the 
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Fig.  23 — Summary  of  Commodities  Showing  State  of  Delivejies 

monthly  space  is  the  same  as  the  ratio  of  the  delivery  to  the  require- 
ment) ;  heavy  lines  show  to  what  extent  our  present  estimated  or  actual 
imports  will  meet  our  requirements.  The  purpose  of  this  chart  is  to 
show  the  progress  made  toward  meeting  the  requirements  and  to  show 
the  effect  of  allocating  vessels  to  any  particular  trade  or  taking  them 
off  that  trade. 

The  number  of  commodities  which  it  is  considered  necessary  to  im- 
port in  view  of  the  shortage  of  ships,  is  less  than  100.  For  each  one 
of  these  commodities  there  is  a  chart  similar  to  the  one  shown  in  Fig. 
22  on  which  are  plotted  the  amounts  received  from  the  27  trade  regions 
into  which  the  world  has  been  arbitrarily  divided,  all  plotted  on  the 
same  scale  as  the  total.  This  chart  was  developed  for  the  use  of  the  ex- 
perts who  had  determined  the  requirements  so  that  they  might  be  kept 
informed  as  to  the  import  situation. 

Fig.  23  illustrates  a  few  of  the  hundred  necessary  commodities  placed 
one  above  the  other.     This  shows  shortages  of  some  commodities  and 
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of  others,  over-deliveries  equalling  many  months'  requirements.  This 
chart  makes  it  easy  to  compare  the  progress  made  on  a  large  number 
of  imports  and  presents  the  facts  in  such  a  way  as  to  induce  action. 
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Fig.  24 — Summary  of  Imports  for  a  Trade  Region 

At  the  top  of  the  sheet  the  import  situation  as  a  whole  is  shown  in  a 
single  line. 

From  trade  region  No.  7  (see  Fig.  24)  there  are  only  six  commodities 
which  it  is  considered  necessary  to  import.     The  progress  made  in  im- 
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Fig.  25 — Summary  Chart  for  Essential  Commodities 

porting  these  commodities  from  this  particular  trade  region  is  plotted 
here.  Inequalities  become  very  apparent  in  this  arrangement.  The  in- 
dividual commodity  charts  showing  the  amounts  of   each   commodity 
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received  from  all  parts  of  the  world  are  studied  with  these  trade  region 
charts  in  order  to  get  comparisons  two  ways.  At  the  top  of  the  sheet 
the  situation  in  this  trade  region  as  a  whole  is  plotted. 

Fig.  25  shows  the  situation  in  a  few  of  the  27  trade  regions.     The 
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Fig.   27 — Showing  Method   of   Graphically   Following   Up 
Important  Features 
Note — This  method  is  especially  useful  in  plants  where  orders,  from  receipt  to 
•completion,  pass  through  a  larger  number  of  departments. 


•first  three  show  considerable  over-deliveries  while  each  of  the  second 
three  is,  however,  from  two  to  three  months  behind  its  requirements. 
It  is  evident  that  the  next  vessels  arriving  from  the  first  three  regions 
should  be  transferred  to  those  regions  in  which  the  shortage  is  the  most 
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acute.  The  line  at  the  top  of  the  sheet  shows  the  progress  made  on  the 
trade  regions  as  a  whole  and  is  the  same  as  the  line  on  the  '^  Summary 
of  Imports."  It  shows  whether  or  not  the  vessels  at  the  disposal  of 
the  Shipping  Board  are  sufficient  to  bring  in  the  necessary  imports. 

This  export  problem  differs  only  in  detail  from  the  import  problem 
and  similar  charts  set  forth  the  facts. 
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and  fhe  Day  -Following 

Fig.  28 — Control  Showing  Important  Things  to  Follow  Up 

Graphic  Production  Control.  Under  this  head  C.  E.  Knoeppel  wrote 
a  series  of  six  papers  which  were  published  during  consecutive  months- 
in  Industrial  Management ^  beginning  September,  1918.  Space  does  not 
permit  quoting  them  but  they  present  an  exceptionally  complete  and 
instructive  exposition  of  the  use  of  charts  in  connection  with  scheduling 
and  progress,  and  it  is  suggested  that  the  reader  go  over  the  articles 
carefully  if  they  are  available.  Figs.  26  to  34,  which  offer  many  sug- 
gestions for  the  profitable  use  of  such  charts,  have  been  reproduced. 


Following,  is  a  list  of  articles  containing  further  illustrations  of  the 
use  of  graphic  charts  of  the  class  discussed  in  this  chapter  and  pertain- 
ing to  kindred  subjects. 

Upon  request,  the  Codex  Book  Co.,  Inc.,  19  William  Street,  New 
York,  will  be  glad  to  procure,  where  possible,  copies  of  magazines  con- 
taining the  articles  needed,  only  charging  the  ''old  magazine"  price^ 
plus  postage. 

Schedules — **How  to  Make  Them  Work,"  Arthur  Van  Vlissingen^ 
Jr.,  System^  September,  1918. 

"How  Construction  Work  id  Scheduled,*'  Fred  R.  Lufkin,  -Building 
Age,  November,  1917. 
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**The  Organization  of  Manufacturing  Plants,  A.  D.  C.  Parsons,  Iron 
Age,  December  16,  1916. 

"The  Practical  Introduction  of  Efficiency  Principles,"  (Chapter 
VIII),  Series  I-XII,  C.  E.  Knoeppel,  Engineering  Magazine,  January, 
1914,  December,  1914. 

'* Graphic  Production  Control,"  Series  1-VI,  C.  E.  Knoeppel,  Indus- 
trial Management,  September,  1918,  to  February,  1919. 
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"An  Industrial  Achievement  of  the  War,"  L.  P.  Alford,  Industrial 
Management,  February,  1918. 

"Being  Sure  of  Your  Delivery  Dates,"  D.  G.  Robinson,  Factory, 
September,  1918. 

"Charts  Show  Monthly  Progress  and  Expenditure  on  Road  Work," 
H.  S.  van  Scoyoc,  Engineering  Record,  April  15,  1916. 

"Field  Progress  Diagram,"  Railway  Engineering,  July,  1913,  P.  337. 

"Making  and  Filing  Valuation  Maps,"  James  G.  Wishart,  Engineer- 
ing Record,  February  24,  1917. 

"Efficiency  Chart  of  Car-Loading  Gang,"  Engineering  News,  Septem- 
ber 10,  1914. 


CHAPTER  XIII 
Operating  Characteristics 

In  the  first  part  of  this  chapter  are  presented  examples  of  charts 
which  show  how  equipment  operates,  that  is,  they  give  a  graphical  pic- 
ture of  performance.  Such  charts  are  of  great  value  not  only  as  show- 
ing what  the  equipment  will  do  under  the  conditions  examined,  but 
also  as  furnishing  a  method  for  determining  what  it  will  do  under  dif- 
ferent conditions.  They  also  frequently  show  up  opportunities  for 
improving  the  operating  efficiency  of  the  apparatus  in  question. 

The  latter  portion  of  the  chapter  deals  with  the  operating  character- 
istics of  plants  as  a  whole. 

Operating  Characteristics  of  Distributing  Transformers  and  Squir- 
rel-cage Motors.  In  an  article,  ^'Capacities  of  Transformers  for  In- 
duction Motors,"  published  in  Power,  July  24,  1917,  G.  P.  Roux  de- 
scribes the  operating  characteristics  of  these  two  kinds  of  equipment 
and  an  excerpt  follows: 

In  industrial  power  installations  supplied  from  transformers  con- 
nected to  distribution  lines,  the  question  of  capacity  to  be  provided 
arises  almost  daily  and  no  fixed  rules,  other  than  mere  speculative  esti- 
mates, are  available  for  the  solution  of  these  practical  problems.  It  is 
therefore  of  interest  to  study  and  discuss  this  question  in  order  to  more 
conveniently  meet  the  requirements  of  each  application.  Inasmuch  as 
nearly  90%  of  the  induction  motors  in  use  are  of  the  squirrel-cage  type, 
its  performance  and  also  that  of  the  standard  distribution  transformer 
will  be  analyzed,  taking  as  a  typical  example  an  installation  with  a 
30-hp.  220-volt  three-phase  60-cycle  900-r.p.m.  constant-speed  induction 
motor  with  a  starting  compensator. 

To  supply  power  to  moderate-sized  industrial  installations,  ordinary 
standard  distribution  transformers  are  generally  used,  the  power  rat- 
ings of  which  are  given  in  full-load  kilovolt-amperes.  The  voltage  rat- 
ing of  the  primary  is  adapted  to  some  standard  distribution-line  volt- 
age, commonly  2,200  volts,  and  the  ratio  of  voltage  transformation  is 
20  to  1,  10  to  1  or  5  to  1  according  to  the  requirements. 

The  actual  line  voltage  is,  as  a  rule,  somewhat  different  from  the 
standard  line  voltage  and  varies  according  to  the  line  losses,  which 
are  in  most  cases  partly  compensated  for  at  the  power  house  or  sub- 
station by  boosting  the  voltage  of  the  outgoing  lines.  The  secondary 
voltage  of  the  transformers  connected  to  distribution  lines  therefore 
varies  from  place  to  place  and  throughout  the  day  according  to  the  un- 
compensated line  drop.  Sometimes  it  is  possible  to  give  the  secondary 
voltage  a  further  adjustment  when  the  transformers  are  provided  with 
regulation  taps,  a  practice  that  is  gradually  being  abandoned  by  many 
manufacturers  because  of  complications  and  difficulties  in  the  manu- 
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facture  of  the  apparatus  which  increase  its  cost  and  decrease  its  re- 
liability. 

The  kilovolt-ampere  rating  of  a  transformer  does  not  necessarily  pre- 
sent its  effective  rating  in  kilowatts.  The  latter  will  vary  according 
to  the  power  factor  at  which  the  apparatus  operates,  but  the  kilovolt- 
ampere  load  supplied  by  the  transformer  will  govern  its  operating  char- 
acteristics such  as  heating,  efficiency  and  regulation,  all  of  which  is 
shown  in  Fig.  1,  for  a  standard  lO-kv.-a.  60-cycle  distributing  trans- 
former, having  a  2,200-volt  primary  and  110  and  220-volt  secondary. 

At  constant  kilovolt-ampere  output,  normal  primary  voltage  and 
frequency,  the  available  kilowatt  output  decreases  in  proportion  to  the 
power  factor,  the  efficiency  slightly  decreases  owing  to  the  reduction 
in  effective  capacity;  hence,  the  input  slightly  increases.     The  regula- 
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Core  of  IQ-KV.-A.  Transformer 
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tion,   or  percentage  reduction   of  secondary  voltage,   increases   as   the 
power  factor  decreases. 

The  full-load  kilovolt-ampere  rating  of  a  transformer  is  not  the 
maximum  load  that  the  apparatus  can  safely  carry,  which  depends  on 
its  internal  losses' and  details  of  construction  affecting  its  cooling  ca- 
pacity. Most  of  the  standard  transformers  are  designed  and  built  to 
carry  125%  full  load  for  two  hours  and  150%  full  load  for  one  hour 
without  injurious  heating.  However,  if  the  overload  is  applied  after 
a  long  period  of  operation  at  full  load,  the  heat  developed  may  become 
injurious  to  the  insulation  and  to  the  oil,  if  maintained  for  a  suffi- 
cient length  of  time  and  repeatedly.  The  overload  limitations  of  a 
transformer  are  merely  a  matter  of  heating  and  heat  dissipation.  In  the 
absence  of  means  to  determine  the  exact  temperature  of  the  windings, 
it  follows  that  for  safety  of  operation  the  amount  of  overhead  and  the 
length  of  time  a  transformer  can  be  operated  above  its  normal  rating 
must  be  limited  to  the  periods  and  overload  values  already  given,  in 
-order  not  to  exceed  a  temperature  rise  in  the  copper  and  iron  of  more 
than  65°  C.  above  that  of  the  surrounding  air,  taken  for  reference 
M  40°  C,  as  recommended  in  the  Standardization  Rules  of  the  A.  I.  E.  E. 
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A  typical  diagram  of  the  heating  performance  of  the  standard  60-cycle 
distribution  transformer  is  shown  in  Fig.  2.  The  oil  never  reaches 
the  temperature  attained  by  the  copper  windings  or  core,  therefore 
thermometer  readings  of  the  temperature  of  the  oil  do  not 
give  the  temperature  of  the  windings.  It  will  be  noticed  from 
Fig.  2  that  after  a  certain  lapse  of  time  the  temperatures  become  con- 
stant for  a  constant  load. 

While  the  curves  of  Fig.  2  represent  averaqre  conditions  for  indoor 
transformers  operating  at  altitudes  up  to  3000  ft.,  and  with  a  ratio  by 
weight  of  oil  to  core  of  1  to  5,  the  results  vary  according  to  the  char- 
acteristics of  each  make  of  transformer,  the  quality  and  viscosity  of  the 
oil  and  atmospheric  conditions.  The  outdoor  transformer  has  greater 
cooling  facilities  than  the  indoor  type.  The  limiting  temperature  rise 
being  based  on  a  surrounding  temperature  of  reference  of  40°  C,  this 
allows  a  final  maximum  temperature  of  105°  C,  but  if  the  ambient 
temperature  is  less  than  40°  C.  (104°  F.) — as  for  instance,  in  the  win- 
ter— then  the  transformer  can  be  subjected  to  a  greater  overload,  as 
long  as  the  final  temperature  does  not  exceed  the  maximum  of  105°  C. 
(221°  F.). 

With  a  diagram  similar  to  the  one  shown  in  Fig.  2  and  referring 
to  a  particular  type  of  transformer,  it  is  possible  to  determine  its  heat- 
ing characteristic  and  the  amount  of  overload  that  it  can  safely  carry 
for  any  period  of  time. 

Variation  in  the  voltage  and  frequency  of  the  supply  line  affects  the 
operation  of  the  transformer  as  summarized  here: 

Exciting  Current  Regulation  Power  Factor 

Low  voltage    Decreased  Worse  Higher 

High    voltage    Increased  Improved  Lower 

Low  frequency    Increased  Improved  Ix)wer 

High    frequency    Decreased  Worse  Higher 

The  constant-speed  squirrel-cage  polyphase  induction  motor  represents 
the  type  most  generally  used  in  alternating-current  power  installations. 
An  induction  motor  is  in  many  ways  similar  in  its  operation  to  a  trans- 
former. It  consists  of  a  system  of  polyphase  primary  windings  produc- 
ing a  rotating  magnetic  field  which  is  completed  through  the  rotor,  or 
secondary,  and  provided  with  short-circuited  windings.  The  conductors, 
being  cut  by  the  revolving  magnetic  flux,  are  caused  to  move  and  rotate 
at  the  same  synchronous  speed  (less  the  slip)  as  the  primary  system. 

While  the  mechanical  characteristics  of  an  induction  motor  compare 
very  closely  to  those  of  a  shunt-wound  direct-current  motor,  its  electric 
and  magnetic  performances  resemble  those  of  a  transformer  with  an  air 
gap  between  the  primary  and  secondary.  This  causes  a  considerably 
greater  magnetizing  current  and  leakage  reactance,  which  in  turn  de- 
creases the  power  factor. 

An  induction  motor,  like  a  transformer,  can  be  designed  with  its 
characteristics  so  adjusted  as  to  meet  a  great  variety  of  requirements. 
The  improvement  of  one  characteristic  is,  however,  obtained  to  the 
detriment  of  another,  and  unless  intended  for  special  duties,  the  poly- 
phase induction  motors  manufactured  in  this  country  have  the  average 
performances  shown  in  Fig.  3.     These  performances  are  naturally  sub- 
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ject  to  slight  departures  according  to  the  make,  type,  speed  and  voltage 
of  the  motor. 

When  standing  still  the  induction  motor  is  like  a  transformer  with 
its  secondary  short-circuited;  therefore  it  takes  a  considerable  current 
when  connected  to  a  source  of  voltage.  The  value  of  this  current  de- 
pends on  the  applied  voltage  and  impedance  of  the  motor.  Reducing 
the  voltage  or  increasing  the  impedance  reduces  the  value  of  the  start- 
ing current.  This  is  a  very  important  item,  as  it  affects  the  source  of 
supply  of  power  and  the  operation  of  other  apparatus  connected  thereto. 

E 
The  starting  current  taken  by  an  induction  motor  is  equal  to  — ,  E 

Z 
being  the   applied  voltage  and  Z  the  total  impedance  of  the  motor. 
The  current  rises  rapidly  upon  closing  the  circuit  to  start  the  motor 
and  falls  gradually  as  the  speed  increases  and  becomes  finally  steady 


0         10        20       30       40        60       60       70        80       90 
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Fig.   3 — ^Induction-Motor  Characteristic        Fig.  4 — Starting-Speed  Torque  Curve  of 
"Curves  30-Hp.    Three-Phase    Motor    on    Four 

Different  Voltages 


when  approximate  synchronous  speed  is  reached,  rising  subsequently 
as  the  mechanical  load  is  increased.  The  starting  torque  is  directly 
proportional  to  the  square  of  the  impressed  voltage  and  the  secondary 
or  rotor  resistance,  and  inversely  to  the  impedance. 

In  Fig,  4  are  shown  graphically  the  starting  performances  of  a  30-hp. 
220-volt  three-phase  motor,  from  standstill  to  full  synchronous  speed, 
when  started  by  means  of  a  starting  compensator  connected  on  different 
voltage  taps.  The  dotted  curves  indicate  the  values  of  the  torque  for 
the  different  percentages  of  line  voltage.  Both  the  starting  current  and 
the  starting  torque  depend  on  the  connections  made  at  the  auto-starter, 
the  rotor  resistance  remaining  unvaried.  The  object  of  the  auto-starter 
is  to  reduce  the  line  voltage  and  increase  the  current  by  auto-trans- 
formation. This  apparatus  generally  consists  of  a  number  of  single^ 
phase  windings  connected  either  open-delta  or  star  and  provided  with 
taps  giving  different  voltages  below  that  of  the  line.  The  coils  are 
designed  for  intermittent  operation  only  and  made  to  carry  a  current 
density  considerably  greater  than  in  an  ordinary  auto-transformer  in 
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order  to  reduce  their  size  to  a  minimum,  which  is  permissible^  as  they 
do  not  remain  in  the  circuit  after  the  motor  is  started. 

It  is  greneral  practice  to  start  a  sqnirrel-cage  motor  on  one  low-voltage 
tap  on  the  compensator;  after  the  motor  reaches  near  synchronous 
speed,  it  is  thrown  on  full-line  voltage.  The  ratio  of  starting  voltage 
to  line  current  is  given  in  the  following  table : 

Line  voltage    100 

Per  cent,  tap  and  voltage  at  motor   ...        40 
Per  cent,  full-voltage  starting  current. .        16 

The  performance  of  a  30-hp.  motor  from  standstill  to  full  synchronous 
speed,  against  a  starting  torque  equivalent  to  two-third  full-load  torque, 
is  shown  in  Fig.  5.  It  is  seen  that  at  the  moment  of  starting  61  kv.-a. 
is  taken  by  the  motor.  The  kilovolt-ampere  input,  however,  gradually 
decreases  and  then  rapidly  falls  as  the  speed  increases,  to  a  value  for 
full  speed  and  no  load  represented  by  the  exciting  current  plus  the 
friction  and  windage  losses,  or  about  9  kv.-a.,  but  with  a  very  low  power 
factor.  The  power  factor  improves  as  the  mechanical  load  is  applied 
and  reaches  about  0.87  at  full  load,  as  shown  in  Fig.  3. 
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Fig.  5 — Starting  Characteristics  of  30- 
Hp.  Induction  Motor  at  58.%  Normal 
Voltage 


Fig.  6 — Starting  and  Operating  Kv.-a. 
Requirements  of  30-Hp.  Motor 


Assuming  that  three  lO-kv.-a.  transformers  have  been  provided  to 
supply  power  to  the  motor  in  question,  it  will  be  seen  from  Fig.  5,  that 
for  starting  duty  they  will  be  subjected  to  a  load  of  203%  their  full 
rated  capacity.  However,  this  overload  will  not  remain  for  more  than 
from  one-fourth  to  one-half  a  minute  each  time  the  motor  is  started, 
the  load  on  the  transformers  thereafter  increasing  from  9  kv.-a.  at  no 
load  to  29  kv.-a.  at  full-rated  load. 

Under  normal  starting  and  operating  conditions  the  kilovolt-ampere 
load  drawn  from  the  transformers  in  question  and  the  secondary  voltage 
Qre  shown  in  Fig.  6.  Both  curves  indicate  that  it  is  safe  to  provide 
in  such  cases  transformer  capacity  at  the  rate  of  one  kilovolt-ampere 
for  each  horsepower  of  rated  capacity  of  the  motor,  even  if  the  motor 
is  to  operate  occasionally  with  overload,  provided  the  overloading  pe- 
riods do  not  exceed  the  heating  guarantees  of  the  transformers,  as  shown 
in  Fig.  2. 
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In  installations  where  more  than  one  motor  is  supplied  from  the 
same  bank  of  transformers,  an  investigation  of  the  duties  of  the  motors 
must  be  made  to  determine  the  demand  factor,  or  ratio  of  maximum 
combined  demand  to  transformer  capacity,  together  with  the  length  of 
time  of  maximum  demand,  and  the  transformer  capacity  provided 
accordingly. 

Taking,  for  instance,  an  installation  consisting  of  one  30-hp.,  one 
10-  and  two  5-hp.  motors,  not  to  be  started  at  the  same  time,  and  nor- 
mally operating  with  an  average  combined  demand  of  50% ;  assuming 
the  30-  and  5-hp.  motors  to  operate  at  125%  load  two  hours  a  day  and 
the  10-hp.  motor  to  start  and  stop  frequently,  and  a  fairly  constant 
supply  voltage  and  frequency,  the  combined  operating  conditions  can 
be  analyzed  and  tabulated  as  follows: 

KILOVOLT-AMPERE  REQUIREMENTS 

Full 
Load 
Motor  Rating 

1-30  hp 30 

1-10  hp 10 

1-  5  hp 5 

1-  5  hp 5 

Total    kv.-a 50  60       29       27       28.5         25.0  55.00  70.00 

The  maximum  instantaneous  load  is  70  kv.-a.,  the  maximum  two- 
hour  load  is  55  kv.-a.  and  the  normal  load  is  25  kv.-a.  only.  The 
maximum  starting  load  is  60  kv.-a. 

Three  15-kv.-a.  transformers,  or  a  total  of  45-kv.-a.  transformer  ca- 

25  X  100 

pacity,  would  supply  this  installation,  carrying  a  load  of  or 

45 
55  X  100 

55%  under  average  conditions,  or  121%   for  two  hours  at 

45 
70  X  100 

time  of  overload  and  or  155%  at  times  of  overload  during 

45 
the  brief  but  frequent  periods  of  starting  the  10-hp.  motor.     The  tem- 
perature rise  of  the  transformers  under  the  worst  condition  would  not 
exceed  65°  C.     The  demand  ratio  or  capacity  of  transformer  to  be  pro- 

45  X  100 

vided  in  the  case  cited  is  therefore or  90%  of  the  horsepower 

50 
rating  of  the  installation. 

Knowing  the  torque  i  required  to  start  a  certain  load  and  the  full- 
voltage  starting  torque  of  the  motor  T ,  and  also  the  line  voltage  E,  the 
voltage  E'  necessary  to  start  the  motor  is 

For  instance,  if  the  starting  torque  T  of  a  30-hp.  motor  at  full  voltage 
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is  twice  its  full-load  torque,  the  line  voltage,  E,  220  and  the  torque  t 
required  to  start  the  motor  with  its  connected  load  equal  to  only  66% 
of  the  full-load  torque,  the  starting  voltage  necessary  to  develop  the 
required  torque  is 

E'  =  220  J -^=  220  X  0.575  =  126  volts 

that  is,  sufficient  torque  will  be  developed  by  connecting  the  motor  to 
60%  taps  of  the  auto-starter,  and  the  line  current  is  reduced  to  about 
36%  the  full  line-voltage  starting  current. 

Where  the  starting  torque  required  by  the  motor  to  start  its  connected 
load  (which  should  be  reduced  to  the  minimum  consistent  with  the 
circumstances)  cannot  be  conveniently  ascertained,  the  motor  can  be- 
connected  first  to  the  lowest  tap  of  the  starting  compensator.  If  in- 
sufficient torque  is  developed  on  that  tap,  the  next  higher  one  can  be 
tried  until  the  right  tap  is  found. 

In  installations  requiring  motors  to  start  with  an  appreciable  load, 
it  is  preferable  to  use  the  slip-ring  motor,  which  is  provided  with  a 
wound  rotor  having  its  winding  connected  to  a  set  of  collector  rings, 
thus  permitting  increasing  the  resistance  of  the  rotor  for  starting  duties. 
The  effect  is  to  decrease  the  starting  current  while  increasing  the  start- 
ing torque  and  to  bring  the  motor  under  load  to  speed  without  excessive 
strain  on  the  transformers  and  supply  line. 

Variations  of  voltage  and  frequency  affect  all  induction  motors;, 
their  performances  vary  as  follows: 

Torque 

Low  voltage   Decreased 

High  voltage    Increased 

TjOW  frequency   Increased 

High   frequency    Decreased 

In  general,  slight  variations  of  either  voltage  or  frequency  are  in 
most  cases  not  objectionable,  provided,  however,  these  variations  do 
not  exceed  10%  and  occur  in  opposite  directions;  that  is  to  say,  a  lower 
voltage  should  coincide  with  a  lower  and  not  with  a  higher  frequency 
and  vice  versa,  otherwise  the  effects  mentioned  in  the  table  would  be 
cumulative  instead  of  practically  compensating  each  other.  However, 
a  variation  in  voltage  of  10%,  or  in  frequency  of  5%,  is  not  desirable 
for  the  successful  operation  of  either  transformers  or  motors  in  any 
installation. 

Operating  Characteristics  of  Centrifugal  Pumps.  There  follows  an 
article  under  this  title  presented  in  Power,  February  3,  1914,  by  A.  B. 
Morrison,  Jr.,  which  is  a  good  example  of  how  valuable  the  operating 
characteristics  curves  may  be  for  figuring  out  the  effects  of  various  fac- 
tors upon  output,  etc. 

While  centrifugal  pumps  are  in  general  use  in  nearly  all  lines  of 
work  there  is  still,  among  many  engineers,  a  lack  of  knowledge  as  to 
what  their  performance  will  be  under  anything  but  the  conditions  for 
which  they  happen  to  be  installed.  The  man  who  has  to  operate  the 
pump  or  is  responsible  for  its  operation  is  not  particularly  concerned 
witji  the  reasons  which  prompted  the  designer  to  use  an  impeller  with 


Slip 

Power  factor 

Efficiency 

Increased 

Increased 

May  slightly 

Decreased 

Decreased 

Increase 

No  change 

Decreased 

or 

No  change 

Increased 

Decrease 
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certain  dimensions  or  with  a  certain  blade  angle,  but  he  is  interested  in 
the  effect  which  certain  variables,  such  as  speed  and  head  against  which 
the  pump  is  to  work,  will  have  on  the  capacity  if  he  wants  to  use  the 
pump  in  some  other  location. 

He  knows  the  centrifugal  is  not  a  positive  pump  but  he  is  not  able, 
usually,  to  forecast  with  any  degree  of  accuracy  how  fast  he  ought  to 
run  the  pump  under  new  conditions  to  do  certain  work.  It  is  gen- 
erally stated  that  with  a  centrifugal  pump  the  capacity  varies  as  the 
speed,  the  head  generated  by  the  pump  as  the  square  of  the  speed,  and 
the  power  required  to  drive  the  pump  as  the  cube  of  the  speed.  While 
this  is  true  theoretically  of  the  pump  and  also  under  certain  operating 
conditions,  it  does  not  mean,  as  is  sometimes  supposed,  that  to  get  an 
increase,  for  example,  of  5%  the  pump  should  be  speeded  up  5%,  since 
the  capacity  discharged,  as  will  be  shown  later,  depends  on  certain 
characteristics  of  the  system  to  which  the  pump  is  connected. 

It  is  also  desirable  to  know  what  effect  throttling  the  discharge  will 
have  on  the  efficiency  of  the  pUmp  and  whether  it  is  better  to  use,  where 
feasible,  some  form  of  speed  control  in  preference  to  throttling. 

It  is  absolutely  essential,  in  investigating  the  behavior  of  a  centrifugal 
pump  in  operation,  to  know  the  head  curve  of  the  system  to  which  the 
pump  is  to  be  connected  and  for  that  reason  the  head  curve  of  the 
system  will  be  considered  before  attempting  to  do  anything,  with  the 
centrifugal-pump  curves  proper.  The  head,  which  includes  both  suction 
and  discharge,  against  which  the  pump  works  may  be  any  one  of  three 
distinct  classes:  (1)  Head  entirely  static;  (2)  head  entirely  friction;  (3) 
head  part  static  and  part  friction. 

The  first  case  seldom  occurs  in  practice.  If  the  pump  were  under  a 
constant  suction  head,  without  any  connecting  piping,  and  the  outlet 
of  the  pump  were  connected,  without  any  piping,  direct  to  a  large 
standpipe  of  such  size  that  practically  no  friction  existed  in  it  and  in 
which  the  water,  due  to  an  overflow  pipe,  were  at  constant  level,  we 
would  have  the  first  case.  In  this  instance,  the  head  curve  would  be  a 
straight  horizontal  line.  Under  similar  conditions,  no  piping  on  suction 
or  discharge,  but  with  the  standpipe  gradually  filling,  the  head  curves 
would  be  represented  by  a  series  of  horizontal  lines  taken  at  whatever 
distances  apart  were  felt  advisable  to  get  the  data  required  as  to  speed, 
capacity,  etc.,  on  the  pump. 

The  second  case  mentioned  is  not  common,  either,  but  occurs  more 
frequently  than  the  first.  It  would  be  represented  in  practice  by  a 
level  pipe  with  the  suction  and  the  discharge  at  the  same  level.  The 
head  curve  under  such  conditions  is  shown  in  curve  E,  Fig.  7.  In  lay- 
ing out  such  a  curve  the  friction  head  at  the  rating  of  the  pump,  which 
we  will  call  100%,  is  obtained  from  friction  tables,  showing  the  loss 
in  head  at  the  rated  capacity  of  the  pump  through  the  size  of  pipe 
used.  This  gives  one  point  on  the  curve,  the  capacity  being  repre- 
sented always  by  abscissas  (horizontal  scale),  and  the  head  by  ordi- 
nates  (vertical  scale).  The  friction  head  varies  as  the  square  of  the 
velocity  which,  with  a  given  pipe,  is  equivalent  to  the  square  of 
the  quantity  discharged.  The  following  table  shows  the  friction 
heads  at  less  than  rating,  all  quantities  being  in  percentage  of  those  at 
rating : 
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Capacity,   % 90    80    70    60     50    40     30    20     10 

Head,    % 81     64    49     36     25     16      9      4      1 

The  third  case  is  the  one  which  almost  invariably  occurs.  In  laying? 
out  this  curve  the  ordinate  at  zero  discharge  is  the  actual  elevation 
through  which  the  liquid  is  to  be  raised.  At  any  other  rate  of  discharge 
the  friction  in  the  pipe,  based  on  the  quantity  of  water  flowing,  is  com- 
puted and  the  ordinate  at  this  discharge  is  the  static  head  plus  the 
friction  head.  The  general  form  of  this  curve  is  shown  in  curve  A, 
Fig.  7,  where  it  is  assumed  the  head  is  based  on  20  ft.  of  fri*ction  at  the 
normal  discharge  (1000  gal.)  of  the  pump.  At  any  other  point  the 
friction  head  is  computed  from  tables  or  can  be  readily  ascertained  in 
terms  of  the  friction  head  at  rating  by  using  the  table  just  given.  At 
125%  of  rating  the  friction  head  is  156^/4%  greater  than  at  normal  and 
at  150%  of  rating  is  225%  more  than  at  normal,  or  based  on  20  ft.  of 
friction  head  at  normal  capacity  these  quantities  are  31.25  ft.  and  45  ft., 
respectively,  to  be  added  to  the  static  head  to  secure  the  total  head. 

The  characteristic  curves  of  a  centrifugal  pump,  as  shown  in  Fig.  8, 
are  more  or  less  familiar  to  all  engineers.  While  these  curves  differ 
for  various  makes  and  types,  their  gisneral  form  is  characteristic  of  all 
centrifugals.  They  are  plotted  for  constant  speed.  One  important  fact 
to  be  noticed  is  that  the  head  given  by  the  pump  depends  entirely  on 
the  amount  of  liquid  being  pumped ;  or,  to  state  it  the  other  way  around, 
the  pump  will  discharge  against  a  given  head  only  a  certain  amount  of 
water.  The  only  way  in  which  the  head  developed  by  the  pump  for  a 
given  discharge  can  be  increased  is  by  speeding  it  up.  The  discharge, 
as  will  be  noticed,  can  be  entirely  closed  without  harming  the  pump. 

In  Fig.  7  the  quantity-head  curve  of  the  given  pump  is  shown  to- 
gether with  the  head  curve  of  the  system,  both  in  heavy  lines.  For 
ease  of  computation  the  capacity  at  normal  rating  is  taken  as  1000  gal. 
per  min.  and  the  total  head  as  100  ft.,  composed  of  80  ft.  static  and  20 
ft.  friction.  Suppose,  however,  that  it  is  desired  to  move  the  pump  to 
a  new  location  in  which  the  static  head  is  increased  to  100  ft.,  the  fric- 
tion head  at  tating  remaining  unchanged,  giving  a  total  head  of  120  ft., 
and  it  is  desired  to  have  the  pump  discharge  the  same  amount  as  formerly, 
the  new  head  curve  B  is  obtained.  Since  the  interception  of  the  quantity- 
head  curve  of  the  pump  with  the  head  curve  of  the  system  gives  the 
quantity  of  water  which  the  pump  will  discharge  it  is  evident  that  at  the 
original  pump  speed  only  76%  of  normal  discharge  will  take  place.  To 
determine  the  new  speed  at  which  the  pump  must  operate  to  give  the  head 
of  120  ft.  necessary  to  discharge  1000  gal.  per  min.,  the  pressure  given 
by  the  pump  is  taken  as  proportional  to  the  speed  at  which  it  operates. 
This  is  approximately  true  and  close  enough  for  all  practical  purposes. 
The  relation  then  holds 

100   (head  at  normal  speed)    ;    120   {head  required)    :     : 
given  revolutions  squared   :    required  revolutions  squared 

Hence  the  required  r.p.m.  equals  109.5%  of  the  original  r.p.m.,  or  the 
pump  should  be  speeded  up  practically  10%,  to  meet  the  new  conditions 
and  discharge  practically  the  same  amount  of  water  as  at  first.  The  new 
quantity-head  curve  of  the  pump  at  approximately  10%  increase  in  speed 
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is  shown  by  the  dotted  curve  B^  in  Fig.  7.     It  has  the  same  general  form 
as  the  original. 

If  it  is  assumed  that  the  static  head  on  the  pump  is  decreased  to  60  ft., 
the  friction  head  remaining  the  same,  and  the  total  head  being  80  ft.  in 
place  of  100  ft.,  the  new  condition  can  be  met  in  two  ways.  To  meet  the 
new  head  conditions  by  changing  the  speed  of  the  pump,  the  former 
should  be  reduced  in  the  proportion  V  100  :  V  80,  or  to  approximately 
90%  of  normal  at  which  the  quantity-head  curve  at  rating  will  exactly 
balance  the  computed  head  curve  of  the  system  and  the  pump  will  dis- 
charge its  normal  quantity  of  liquid.  Curve  C,  Fig.  7,  shows  this  curve 
of  the  pump  at  the  reduced  speed. 

It  is  apparent,  however,  that  this  new  condition  can  also  be  met  by 
allowing  the  pump  to  operate  at  normal  speed  and  by  throttling  the  dis- 
charge so  that  only  the  head  necessary  to  force  1000  gal.  per  min. 
through  the  system  will  be  available,  the  rest  being  wasted  in  friction 
in  the  throttle  valve.  A  comparison  of  these  two  methods  will  be  taken 
up  in  detail  later. 

There  is  a  further  interesting  fact  brought  out  by  these  curves.  It 
has  been  mentioned  that  the  quantity  discharged  by  a  centrifugal  pump 
is  proportional  to  the  speed,  and  that  this  is  sometimes  thought  to  mean 
that  for  a  certain  increase  in  speed  the  amount  discharged  is  propor- 
tional to  such  increase.  In  Fig.  7,  however,  curve  -EJ  is  a  head  curve 
corresponding  to  the  first  case,  viz.,  entirely  static ;  curve  D  corresponds 
to  the  second  case,  entirely  friction ;  and  curve  A  is  the  third  case.  Tak- 
ing curve  E  where  the  head  is  constant  for  all  capacities,  an  increase 
in  speed  of  approximately  10%  produces  an  increase  of  21%  in  the 
quantity  discharged.  For  curve  D  the  quantity  discharged  at  10% 
above  normal  speed  is  10%  more  than  normal  or  the  increase  is  exactly 
proportional  to  the  speed,  and  this  is  the  only  case  where  the  relation 
holds. 

In  curve  A,  where  the  head  is  partly  static  and  partly  friction,  an 
increase  in  speed  of  approximately  10%  produces  an  increase  in  the 
volume  discharged  of  15%.  Furthermore,  the  only  case  where  the 
head  on  a  pump  for  a  given  discharge  is  exactly  proportional  to  the 
square  of  the  speed  and  the  discharge  is  proportional  to  the  speed  is 
for  the  second  case  where  the  head  is  entirely  friction.  Hence,  as  stated 
earlier,  the  capacity  discharged  by  the  pump  and  consequently  the  head 
depend  entirely  on  the  head  of  the  system  against  which  the  pump  works. 

So  far,  only  the  speed  necessary  to  obtain  a  certain  discharge  under 
new  conditions  has  been  considered  and  no  investigation  made  of  the 
efficiency  of  the  pump  nor  the  power  required  to  operate  it.  Unless  this 
be  known,  there  is  the  possibility  of  the  motor  or  shafting  being  over- 
loaded. 

An  approximate  method  for  obtaining  this  horsepower,  and  one  which 
is  accurate  enough  for  ordinary  calculations,  is  as  follows:  The  quan- 
tity in  gallons  per  minute  discharged  at  the  new  speed  is  divided  by  the 
new  speed  taken  in  percentage  of  normal.  From  the  brake  horsepower 
curve  in  Fig.  8  the  horsepower  corresponding  to  this  quantity  just  ob- 
tained is  found  and  this  brake  horsepower  is  multiplied  by  the  cube  of 
the  new  speed  expressed  in  percentage  of  normal  speed.  The  result  is 
the  brake  horsepower  required  at  the  new  speed.     Applying  this  rule  to 
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the  results  shown  by  the  curves  in  Fig.  7,  the  following  results  are  ob- 
tained : 

For  curve  B,  10%  speed  increase:  Gallons  discharged  per  minut6, 
1000;  new  speed  in  per  cent  of  normal,  110;  1000-^1.10  =  909;  b.hp. 
for  910  gal.  per  min.  (Fig.  8),  37;  1.10^  =  1.331;  37X1.331  =  49.25 
b.hp.  required  at  1000  gal.  per  min.  and  120-ft.  head. 

B.hp.  at  1000  gal.  per  min.  and  100-ft.  head  (normal  rating)=  38.5. 

Increase  128%  which  is  slightlj^  less  than  the  cube  of  the  speed. 

Applj'ing  the  same  methods  to  curve  C,  showing  10%  decrease  in  speed, 
the  b.hp.  required  is  29.2,  about  76%  of  that  required  at  normal,  slightly 
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Fig.  8 — Characteristic  Curves  of  a 
Centrifugal  Pump 


more  than  if  the  power  required  were  proportional  to  the  cube  of  the 
reduced  speed  compared  to  the  cube  of  the  normal  speed. 

It  has  been  seen  that  at  the  reduced  head  the  pump  can  be  run  at 
normal  speed 'by  throttling  the  discharge  until  just  the  proper  amount 
of  water  flows.  In  this  case,  though,  the  br^ke  horsepower  required  is 
the  same  as  when  discharging  the  same  quantity  at  the  higher  head, 
since  the  pump  generates  this  higher  head  at  the  given  speed  and  capa- 
city. The  net  efficiency  when  throttled  is  the  efficiency  at  the  normal 
rating  multiplied  by  the  ratio  between  the  head  actually  required  and 
the  normal  pump  head  generated.  Referring  to  Fig.  8,  when  pumping 
1000  gal.  per  min.  the  pump  generates  a  head  of  100  ft.  and  the  efficiency 
is  65%.  The  head  actually  required  by  the  system,  as  shown  in  curve 
C,  Fig.  7,  is  80  ft.  Hence,  the  net  efficiency  of  the  pump  at  normal  speed 
when  throttled  to  80-ft.  head  is 

80 

0.65  X =  52% 

100 

As  a  check  on  this  result  the  brake  horsepower  required  at  normal  speed 
pumping  1000  gal.  per  min.,  as  given  by  Fipr.  8,  is  38.5.     The  water 
horsepower  required  at  1000  gal.  per  min.  and  80-ft.  head  is 
1000  X  80  X  8.33 

=  20.2 

33,000 
Hence  the  efficiency 

water  horsepower       20.2 

: = =52% 


as  just  given. 


brake  horsepower       38.5 
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With  a  variable-speed  direct-current  motor  the  proposition  of  securing 
the  correct  speed  for  any  given  set  of  conditions  is  easy  and  the  motor 
efficiency  and  the  overall  efficiency  of  the  equipment  are  unimpaired. 
Where  it  is  necessary,  however,  in  order  to  get  any  change  in  speed, 
to  use  resistance  in  series  with  the  rotor,  it  is  interesting  to  compare  the 
combined  efficiency  of  the  pump  and  the  motor  obtained  by  this  method 
with  that  obtained  by  throttling  alone.  Referring  again  to  Fig,  7,  the 
speed  required  at  the  reduced  head,  curve  C,  at  1000  gal.  per  min.  is 
approximately  90%  of  normal.  The  horsepower  calculated  above  for 
this  discharge  at  90%  of  normal  revolutions  is  29.2.  In  the  case  of  a 
motor  with  resistance  in  series  with  the  rotor,  the  efficiency  at  any  re- 
duced speed  compared  to  that  at  normal  speed  with  no  resistance  in  the 
circuit  is  closely  proportional  to  the  revolutions  at  reduced  speed  com- 
pared with  normal  revolutions,  so  that  reducing  the  speed  to  90%  of 
normal  the  efficiency  is  reduced  correspondingly.  In  other  words,  at  the 
reduced  head 

29.2 

=  32.4  h.hp. 

0.90 

is  required  when  resistance  in  series  with  the  rotor  is  used. 

Tabulating  the  results,  the  following  comparison  based  on  reducing 
head  to  80  ft.,  as  shown  by  curve  C  in  Fig.  7,  is  obtained.  Each  per- 
centage gives  the  per  cent,  of  brake  horsepower  required  at  rating: 

B.hp.  required  by  rotor  control   32.4  =  84.4% 

B.hp.  required  by  field  control  on  motor 29.2  =  75.8% 

B.hp.  required  by  throttling  discharge    38.5  =  100  % 

In  other  words,  by  using  resistance  in  series  with  the  rotor  there  is  a 
saving  of  6.1  b.hp.,  or  15.8%,  over  throttling,  and  by  using  some  form 
of  variable-speed  direct-current  motor  the  saving  is  9.3  b.hp.,  or  24.2%. 
It  is  evident  that  where  the  head  is  likely  to  be  less  than  normal  for  con- 
siderable periods  and  where  the  cost  of  power  is  important,  some  form 
of  speed  control  is  necessary.  The  variable-speed  direct-current  motor, 
as  shown,  is  by  far  the  best  proposition.  Armature  control  is  sometimes 
used,  but  not  often,  as  usually  a  variation  of  10%  or,  at  the  most,  15, 
will  take  care  of  most  installations  and  that  can  usually  be  obtained  from 
any  standard  shunt-wound  motor.  With  alternating-current  motors, 
throttling  is  generally  resorted  to,  owing  to  the  special  character  of  alter- 
nating-current variable-speed  motors  unless  the  installation  is  of  fairly 
large  size. 

In  working  out  curves  for  any  given  pump,  the  results  obtained  at 
various  heads  and  rates  of  discharge  will  depend  entirely  on  the  charac- 
teristics of  the  particular  pump  and  these  may  differ  decidedly  from  the 
one  used  here  as  an  illustration.  If  the  pump  has  a  steeper  characteris- 
tic— i.e.,  if  the  head  falls  off  more  rapidly  as  the  discharge  increases — 
than  the  one  shown,  the  difference  in  volume  for  any  given  change  in 
speed  will  be  less  than  for  the  curve  given,  whereas,  with  a  flatter  char- 
acteristic the  change  in  volume  for  a  given  change  in  speed  will  be 
greater.     With  a  flat  characteristic,  the  head  against  which  the  pump 
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works  must  be  closely  calculated  in  order  to  run  the  pump  at  the  proper 
speed. 

Wherever  feasible,  and  especially  if  the  pump  is  of  large  size,  the 
writer  wishes  to  emphasize  the  fact  again,  that  some  form  of  speed  con- 
trol should  be  used.  It  is  almost  impossible  to  determine  accurately 
beforehand  the  head  against  which  the  pump  will  work,  and  with  a  fixed 
speed  any  change  in  piping  or  operating  conditions  may  make  a  great 
difference  in  the  amount  discharged  and  in  the  power  required. 

Belt  Conveyors.  The  following  article  by  J.  D.  Morgan,  ''Belt-Con- 
veyor Operating  Data,"  published  in  Power,  October  3,  1916,  shows  the 
value  of  charts  for  giving  a  complete  exposition  of  just  what  equip- 
ment may  be  expected  to  do  under  given  conditions. 
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Fig.  9 — ^Variation  of  Capacity  with 
Velocity  of  Belt 


Fig.  10— Capacity  of  36-In.  Belt  to 
Handle  Different  Materials 


In  view  of  the  fact  that  few  operating  engineers  are  familiar  with 
the  operating  characteristics  of  belt  conveyors,  this  article  was  made  up 
in  curve  form  so  that  the  operating  data  would  be  available  at  a  glance. 

Belt  conveyors  are  divided  into  two  groups,  horizontal  and  incline, 
or  a  combination  of  both,  and  each  group  has  its  own  calculations. 
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Fig.  11 — Maximum  Size  of  Pieces  to  Be         Fig.  12 — Power  Requirements  of  100-Ft. 
Handled  by  Belt  Conveyors  C.  to  C.  Level  Conveyors 


Fig.  9  shows  the  quantities  of  coal  that  can  be  handled  by  different  sizes 
of  belt  at  various  speeds.  In  Fig.  10  the  amounts  of  different  materials 
that  can  be  handled  by  a  36-in.  belt  conveyor  at  different  velocities  are 
given.  The  maximum  sizes  of  material  for  dift'erent  widths  of  belt,  con- 
sistent with  good  operation,  are  plotted  in  Fig.  11. 

As  will  be  noticed  in  these  curves,  the  capacity  of  a  belt  conveyor 
varies  with  the  velocity  and  the  width  of  the  belt,  and  as  the  capacity 
changes    so    do    the    power    requirements    of    the    conveyor.     Fig    12 
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shows  the  power  requirements  of  a  100-ft.  center  to  center  level 
conveyor  with  one  movable  tripper,  for  various  belt  sizes  and  velocities. 
Only  by  actual  test  can  the  power  requirements  of  any  particular  con- 
veyor be  found,  yet  if  the  formula  given  is  used,  a  good  approximation 
is  obtained.  When  usine:  this  formula  it  must  be  remembered  that 
allowances  for  gear  and  friction  losses  must  be  made.  For  a  level  con- 
veyor 

KLD 

Horsepower  = 

1,000 

For  values  of  K  see  Fig.  13.  Throughout  the  article  Z  is  a  constant 
varying  with  different  sizes  of  belt  and  the  specific  gravity  of  the  ma- 
terial handled,  L  is  the  load  in  tons  of  2,000  lb.  per  hr.,  D  the  distance 
from  center  to  center  of  the  conveyor  in  feet,  and  H  the  vertical  height 
in  feet  that  the  material  is  to  be  lifted. 

Figs.  14  and  15  show  the  power  requirements  of  a  200-ft.  center  to 
center  incline  conve.yor  with  one  movable  tripper,  for  various  widths  of 
belts,  velocities  and  vertical  heights.  If  the  same  allowances  are  made 
as  were  assumed  in  the  calculation  of  level  conveyors,  the  following 
formula  will  give  good  results  for  an  incline  conveyor : 

KLB  +  LH 

Horsepower  = 

1,000 

Often  it  will  be  found  that  it  is  desirable  to  change  the  size  of  the 
driving  pulley.  In  Fig.  16  a  curve  is  given  showing  the  belt  sizes  of 
rubber-surfaced  pulleys  for  different  sizes  of  belt. 

An  important  operating  question  is  belt  speed,  which  depends  upon 
belt  size  and  stress,  for  it  has  been  found  that  20  lb.  per  ply  is  the  maxi- 
mum allowable  stress  consistent  with  good  belt  service.  Fig.  17  shows 
the  maximum  advisable  speeds  as  obtained  by  a  series  of  tests. 

The  matter  of  cost  now  enters  in,  and  as  a  rule  the  first  question  is, 
''What  is  the  right  kind  of  belt  to  use?"  This  question  has  to  be  de- 
cided by  the  material  to  be  conveyed.  The  writer  is  of  the  opinion  that 
a  balata  belt  of  the  first  quality  will  outlast  any  other  for  use  on  soft 
coal  and  under  various  weather  conditions.  It  is  true  that  the  price 
is  higher,  yet  the  wearing  quality  will  more  than  make  up  for  the 
difference.  Fig.  18  shows  the  cost  of  varying  sizes  of  balata  belt  of 
the  first  qualitj^ 

The  final  consideration  is  the  maintenance  cost  per  ton  of  coal  con- 
veyed. This  item  will  vary  from  year  to  year,  but  a  good  average  cost 
will  be  found  to  be  about  0.247c. 

Comparison  of  Stokers.  Fig.  19  and  the  following  description  were 
taken  from  Electrical  World,  October  31,  1914,  to  show  how  quickly 
and  easily  a  comprehensive  idea  of  the  relative  efficiencies  of  similar 
equipment  may  be  obtained  by  plotting  their  operating  characteristics 
on  the  same  chart. 

The  efficiencies  of  modern  stoker  installation  are  shown  by  Fig.  19. 
These  curves  indicate  boiler  efficiency  alone  and  do  not  allow  for 
steam  consumed  by  auxiliaries  such  as  blowers,  stokers  and  boiler-feed 
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pumps.  In  general  the  best  efficiency  is  shown  when  the  boiler  is  op- 
erated at  less  than  100%  rating.  Curves  A  and  B  indicate  an  ex- 
ception to  this  statement.  As  the  net  output  of  steam  for  a  given  coal 
input  is  affected  relatively  more  at  low  loads  than  at  high  loads  by 
the  steam  consumed  by  the  auxiliaries,  it  is  advisable  to  "^operate  the 
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Fig.  14 — Power  Requirements  of  200-Ft. 
C.  to  C.  Incline  Conveyor — One  Mov- 
able Tripper 
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Fig.  15— Power  Requirements  of  200-Ft.       Fig.  1 6— Advisable  Size  of  Driving  Pulley 
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Fig.  17-— Maximum  Advisable  Belt  Speed      Fig.    18— Cost   of   Six-Ply   First-Quality 

Balata  Conveyor  Belting 

boilers  at  about  25%  higher  than  their  most  efficient  rating  as  shown 
by  the  curves  to  obtain  the  best  plant  efficiency.  The  principal  factor 
influencing  the  load  to  be  carried  by  a  boiler  is  the  relation  between 
fixed  and  operating  costs.  Forcing  a  boiler,  however,  will  tend  ta 
deteriorate  the  furnace  walls  faster. 

Operating  Characteristics  of  Plants.  There  follow,  to  the  end  of 
this  chapter,  several  examples  of  what  may  be  termed — **  Operating 
Characteristics  of  Plants  as  a  Whole."  These  might  have  been  in- 
cluded under  the  chapter  on  Management,  as  the  function  of  the  charts 
is  invariably  to  permit  a  more  comprehensive  study  of  the  operating 
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characteristics  of  the  plant  with  a  view  to  increasing  its  efficiency. 
Under  the  Management  chapter,  major  consideration  was  given  to  busi- 
ness management  rather  than  management  of  operation  or  production. 
But  just  as  we  study  the  operating  characteristics  of  a  single  piece  of 
apparatus  in  order  to  become  familiar  with  its  probable  behavior  under 
all  conditions  so  we  study  similarly  the  plant  as  a  whole,  and  the  great 
advantage  of  the  chart  method  is  that  a  bird's-eye  view  may  be  obtained 
of  a  situation  better  than  in  any  other  way. 
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Refrigerating  Plant.  The  first  article  cited  as  an  illustration  is  en- 
titled "Refrigerating  Plant  Efficiency,"  published  in  Mechanical  En- 
gineering, April,  1919,  and  written  by  V.  J.  Azbe.  The  portions  not 
dealing  with  charts  have  been  omitted  and  if  the  reader  is  interested 
in  this  type  of  plant  he  is  urged  to  read  the  complete  article  which 
takes  up  many  points  not  mentioned  here. 

The  cost  of  ice  and  of  refrigeration  is  a  composite  figure  of  many 
■different  expenses  coming  under  the  heads  of  manufacturing,  selling 
and  general  expenses.  The  cost  of  fuel  is  usually  the  largest  item, 
^nd  it  may  easily  represent  the  difference  between  profit  and  loss. 

During  the  last  two  years  the  cost  of  fuel  per  ton  of  ice  has  doubled, 
and  many  plants  a^e  now  paying  $1.50  to  $2.00  per  ton  of  ice  for  fuel 
^lone.  In  spite  of  these  conditions  the  majority  of  refrigerating  plants 
are  very  wasteful  of  fuel  as  a  result  of  improper  design,  run-down 
•equipment  or  poor  operation.  While  the  possible  savings  are  enormous 
and  can  usually  be  secured  with  little  effort  and  slight  expenditure,  the 
necessity  for  improving  equipment  and  operating  conditions  is  not 
realized  in  the  majority  of  plants. 

In  this  paper  the  writer  expresses  himself  frequently  in  terms  of 
tons  of  ice  per  ton  of  10,000  B.t.u.  fuel,  to  equalize  the  value  of  the 
various  fuels  (semi-bituminous,  bituminous,  lignite,  oil,  etc.),  since  by 
s,  simple  recalculation  it  places  them  on  a  common  basis. 

The  prime  mover  most  generally  used  in  refrigerating  plants  is  the 
Corliss  non-condensing  steam  engine.  Next  in  order  are  the  compoufid 
Corliss,  electric  motor,  oil  engine,  and  uniflow  steam  engine.     If  this 
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order  were  reversed,  however,  enormous  sums  of  money  would  be  saved 
to  ice  manufacturers,  for  the  following  reasons: 

In  selecting  the  prime  mover  for  an  ice  plant,  the  two  most  important 
items  to  consider  are  efficiency  at  rated  load  and  efficiency  at  half  load. 
While  the  average  Corliss  non-condensing  engine  consumes  20%  more 
steam  at  half  load  than  at  full  load,  the  uniflow  engine  uses  only  about 
8%  more.  This  is  of  great  importance  because  of  the  great  variations 
of  load  factor.  Many  engines  can  be  found  operating  at  one-eighth 
eut-off.  This  is  the  reason,  also,  why  a  steam  cylinder  should  be  adapted 
to  the  back  pressure  at  which  the  compresser  operates.  It  is  most 
unwise  to  have  a  steam  cylinder  large  enough  for  economical  cut-off 
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at  25  lb.  suction  pressure  when  the  pressure  to  be  maintained  is  15  lb. 
or  less. 

Fig.  20  shows  the  results  to  be  expected  from  various  types  of  in- 
stallations. The  allowance  made  for  auxiliaries  ranges  from  one-half 
to  one  horsepower  per  ton  of  ice,  depending  upon  conditions.  The 
condenser  pressure  was  taken  at  185  lb.  gage,  and  it  was  assumed  that 
at  the  suction  pressure  given  the  machine  would  operate  at  about  full 
load. 

In  small  plants  preference  should  ordinarily  be  given  to  the  use 
of  superheated  steam,  since  as  high  an  economy  may  be  obtained  from 
a  uniflow  non-condensing  engine  operated  with  superheated  steam  as 
from  a  compound  Corliss  condensing  engine  using  saturated  steam, 
and  the  former  equipment  is  a  great  deal  simpler  and  necessitates 
less   auxiliary   power.     Furthermore,   the   steam-consumption   curve   is 
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flat  and  the  efficiency  of  the  plant  will  be  maintained  during  the  winter 
time. 

Superheaters  can  be  installed  with  facility  even  in  existing  installa- 
tions, and  since  the  gain  is  greater  with  simple  non-condensing  engines, 
uneconomical  ice  plants  will  derive  benefit  from  this  procedure. 

In  order  to  gain  in  economy,  a  simple  engine  is  often  made  to  operate 
as  a  condensing  engine.  As  a  result,  the  temperature  difference  in  the 
cylinder  is  increased  and  the  cut-off  is  shortened,  which  increases  the 
wall  area  at  cut-off  as  compared  to  volume.  This  greatly  increases 
cylinder  condensation,  which  is  directly  proportional  to  the  temperature 
difference  and  the  area  exposed.  It  therefore  seldom  pays  to  operate 
such  a  machine  at  more  than  20  in.  of  vacuum,  and  if  the  plant  is  to 
be  changed  over  to  condensing  operation,  it  is  best  to  replace  the  simple 
Corliss  by  compound  cylinders  or  by  a  uniflow  engine  and  leave  the 
rest  of  the  machine  intact. 

Under  proper  conditions  the  ideal  and  most  efficient  prime  mover 
for  the  ice  manufacturer  is  the  Diesel  oil  engine.     By  ''proper  condi- 
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Fig.  21 — Standard  Air-Lift  Performance 

tions"  is  meant  conditions  of  oil  supply  and  cost,  and  kind  of  operating 
force  to  be  employed.  It  cannot  be  over-emphasized  that  with  the 
Diesel  engine  a  high-grade  engine-room  force  must  be  maintained,  and 
especially  during  the  overhaul  period. 

The  curse  of  most  ice  plants  is  the  auxiliaries.  In  many  cases  the 
steam  consumption  of  the  auxiliaries  is  as  great  as  that  of  the  engine 
running  the  compressor.  In  a  certain  ice  plant  of  100  tons  capacity  the 
following  auxiliaries  were  found  in  operation:  Electric-light  engine; 
duplex  circulating  pump  of  ammonia  condenser;  duplex  circulating 
pump  for  steam  condenser;  duplex  brine  pump;  duplex  boiler-feed 
pump;  ice-hoisting  compressor;  single-stage  single-steam-cylinder  deep- 
well  compressor;  agitator  engine  and  cooling-tower  fan  engine. 

One  of  the  most  uneconomical  auxiliaries  as  usually  operated  is  the 
air  lift.  This  statement  is  meant  as  no  reflection  upon  the  air-lift 
pump  as  such,  but  on  the  way  in  which  it  is  usually  operated.  Fig. 
21  shows  the  performance  of  properly  designed  air  lifts;  the  efficiency 
decreases  somewhat  as  the  lift  increases,  but  should  not  be  less  than 
60  to  80%,  whereas,  actually  in  some  cases  it  will  be  found  as  low  as 
20%  ;  the  trouble  is  usually  too  great  or  too  little  submergence. 

It  is  seldom  advisable  to  use  an  air-lift  pumping  system  for  the  cir- 
culation of  water  over  the  steam  condenser  because  of  the  increased 
head  required.     The  use  of  a  cooling  tower  is  ordinarily  to  be  preferred^ 
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and  any  water  needed  for  make-up  may  be  taken  from  the  air-lift 
system  and  passed  over  the  distilled-water  and  liquid-ammonia  coils, 
thus  cooling  the  latter  below  the  temperature  of  the  circulating  water 
proper. 

For  driving  auxiliaries,  electric  current  from  generators  driven  by 
uniflow  engines  is  to  be  preferred  in  the  majority  of  installations,  and 
the  various  units  must  be  selected  with  a  view  to  obtaining  a  flat  effi- 
ciency curve  between  half  and  full  loads ;  all  motors  on  the  larger  units 
should  have  variable  speed  control.  Duplex  steam  pumps  or  steam- 
driven  deep-well  pumps  should  not  be  used  except  possibly  as  a  reserve. 

All  the  details  incidental  to  the  process  of  ice  making  should  be  so 
regulated  as  to  secure  a  high  rate  of  heat  transmission,  coupled  with 
a  low  temperature  difference.  The  ice  tank  is  a  most  important  mem- 
ber of  the  ice  plant. 

Brine  velocity  is  helpful  in  two  ways ;  it  increases  heat  transmission 
between  the  brine  and  the  can,  and  between  the  evaporating  coil  and  the 
brine. 

The  average  transmission  of  heat  from  the  ice  in  the  can  to  the  brine 
outside  is  very  poor,  only  about  2.5  B.t.u.  per  deg.  per  hr.  per  sq.  ft., 
due  to  the  insulating  effect  of  the  ice.  The  thicker  the  ice,  the  slower 
the  heat  exchange,  consequently  tank  brine  velocity  has  not  nearly  so 
great  an  effect  upon  heat  transmission  on  the  can  side  as  it  has  on  the 
coil  side.  The  heat  transmission  between  ammonia  and  brine  through 
metal  is  between  10  to  20  B.t.u.  per  sq.  ft.  per  hr.  per  deg.  This 
comparatively  low  figure  is  primarily  due  to  the  superheating  of  the 
gas  in  the  coil,  which  causes  one  side  of  the  surface  to  be  dry,  and 
secondarily,  to  the  low  brine  velocity. 

Fig.  22  gives  York  Mfg.  Co.  curves  showing  heat  transmission  with 
double-pipe  brine  coolers  and  ammonia  condensers.  The  curves  were 
extended  by  dotted  lines  to  show  probable  transmission  at  low  velocity. 
These  curves  purely  from  their  characteristics  show  the  importance 
of  velocity,  an  item  which  from  the  economy  standpoint  is  certainly 
worthy  of  very  careful  investigation. 

Ice  storage  is  profitable  in  most  cases  if  the  storehouse  is  filled  to 
capacity  during  the  winter  and  emptie(J  entirely  in  the  summer.  The 
cost  of  storehouse  will  be  from  $6  to  $12  per  ton  capacity  and  the  in- 
vestment will  net  a  substantial  return  in  most  cases.  The  objections 
to  it  are  the  cost  of  refrigeration  for  the  storage  and  the  increased  cost 
of  handling  the  ice. 

As  far  as  plant  economy  goes,  the  value  of  ice  storage  is  due  to  the 
equalization  of  the  load  factor.  That  is,  the  plant  can  be  operated  at 
higher  rate  during  slack  seasons  and  there  may  not  be  the  necessity 
for  forcing  the  plant  beyond  its  economical  limit  in  summer.  The  ice 
plant  and  ice  storage  can  be  so  proportioned  that  the  plant  will  have 
a  load  factor  of  80  to  90%,  while  without  ice  storage  it  would  be  only 
about  40%,  taking  the  whole  year  into  consideration. 

The  small  ice  vault,  or  daily  ice  storage,  exerts  also  quite  an  influence 
upon  plant  economy  and  it  cannot  be  overemphasized  that  it  is  advan- 
tageous to  make  it  amply  large.  The  idea  is  to  remove  ice  from  tanks 
as  quickly  as  possible — to  use  ice  tanks  for  storing  ice  is  a  very  poor 
practice. 
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In  Fig.  23  the  full  line  represents  the  output  of  ice;  the  broken  line 
indicates  the  sale  of  ice,  and  the  dotted  line  the  proper  rate  of  manu- 
facturing ice.  These  curves  were  plotted  from  the  figures  actually  ob- 
tained in  a  plant.  An  exact  determination  of  the  proper  rate  of  manu- 
facturing ice  will  permit  stopping  the  plant  altogether  for  a  certain 
time  and  attending  to  repairs. 

Fig.  24  presents  the  effect  on  the  transmission  of  heat  of  the  velocity 
of  the  water  in  the  pipes  of  a  condenser.  The  points  in  the  graphs 
were  plotted  from  values  obtained  with  a  12-pipe  condenser  of  the 
drip-pipe  type. 
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Fig.    23— Effect   of   Ice    Storage    on 
Extreme  Load  Factor  Variations 


Fig.  24— Effect  of  Velocity  Upon  Heat 
Transmission 


The  velocity  of  the  water  in  the  pipes  of  a  double-pipe  condenser 
may  be  increased  by  allowing  a  greater  amount  of  water  to  flow  through 
them.  The  gas  velocity  increases  when  the  height  of  the  stand  is  in- 
creased by  the  addition  of  more  pipes.  In  selecting  between  high  and 
low  condensers,  however,  other  factors  must  be  considered  in  addition 
to  the  water  or  gas  velocity.  Generally  speaking,  high  condensers  are 
preferable  when  the  available  water  is  cold. 

The  presence  of  air  in  the  condenser  often  causes  the  cessation  of 
the  flow  of  the  liquid  through  the  pipes  and  thus  seriously  impairs  the 
efficient  performance  of  the  condenser.  The  author  has  had  occasion 
to  observe  in  certain  plants  he  inspected  that  the  condenser  pressure 
dropped  20  to  30  lb.  after  the  air  was  removed  from  the  system. 

Fig.  25  shows  distinctly  how  the  compressor  horsepower  per  ton  of 
refrigeration  increases  with  rising  condenser  pressure,  and  decreases 
with  rising  suction  pressure. 

Fig.  26  shows  how  the  consumption  of  condenser  water  per  minute 
per  ton  of  refrigeration  increases  as  its  temperature  range  over  the 
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condenser  is  decreased,  it  beinj?  assumed  that  for  each  ton  350,000  B.t.u. 
must  be  removed  per  24  hours,  inclusive  of  the  heat  equivalent  of  the 
compressor  horsepower. 

The  spray  system  has  recently  been  introduced  in  connection  with 
ammonia  condensing  systems  and  very  good  results  are  being  obtained. 
Its  cooling  efficiency  varies  from  45  to  70%,  depending  upon  humidity,. 
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Fig.  25 — Compressor  Horsepower  per 
Ton  Refrigeration 
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Fig.  26 — Temperature  Rise  of  Water 
Over  Condenser  with  Various 
Amounts  of  Water  and  No  Atmo- 
spheric Cooling 


wind  velocity,  fineness  of  spray  and  pressure  at  the  nozzles.  In  the- 
calculations  which  must  be  made  for  designing  a  spray  system,  how- 
ever, it  is  advisable  to  figure  its  operating  efficiency  at  50%.  This  value 
has  been  assumed  in  the  preparation  of  the  curves  in  Fig.  27,  which 
show  the  value  of  the  temperature  of  the  water  before  spraying  and  the- 
corresponding  values  after  spraying,  for  various  wet-bulb  temperatures. 
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Fig.  27 — Performance  of  Spray  System 


The  advantage  resulting  from  the  use  of  a  spray  system  in  an  am- 
monia condensing  installation  is  that  it  reduces  the  power  required, 
because  a  spray  system  does  not  involve  the  action  of  a  fan,  and  a 
pressure  at  the  nozzle  of  only  six  or  seven  pounds,  that  is,  the  equiva- 
lent of  a  tower  14  ft.  high  is  sufficient.  Also,  the  cost  of  construction 
and  maintenance  is  less  for  a  spray  system  than  for  a  cooling  tower. 

Electric  Railway.  The  following  article  and  charts  were  printed  in 
Electric  Railway  Journal,  November  6,  1915,  under  the  title  "Graphical 
Maintenance  Work:" 

For  the  purpose  of  fumishingr  an  instructive  exhibit  of  the  kinds  of 
records  that  are  being  found  useful,  a  number  of  typical  examples  were 
selected  as  representing  good  practice  and  possessing  commendable  fea- 
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tures,  but  no  attempt  has  been  made  to  draw  general  conclusions  from 
them.  They  will  suggest  to  some  companies  how  greater  use  might  be 
made  of  this  method  of  presenting  data,  while  others  may  see  how 
their  practice  can  be  simplified. 

To  be  effective  the  information  to  be  put  in  graphical  form  must 
be  such  as  can  be  used  in  impressing  some  lesson  in  the  direction  of 
improvement,  or  such  as  it  is  desirable  for  employees  to  keep  before  them, 
in  a  comprehensive  way.  For  example,  a  graphical  record  of  trolley 
breaks  by  months  and  years  cannot  but  lead  to  study  of  causes  and 
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Fig.  28 — Life-of -Paint  Curves 
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Fig.    30 — Holding  Power   of   Spikes 
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Fig.  29 — Spring  Contact 


Fig.   31 — Carbon   Brush 


remedies.  Again,  an  organization  chart  of  a  shop  maintenance  force 
shows  at  a  glance  "who's  who"  in  the  company  and  how  the  respon- 
sibility is  subdivided. 

The  present  practice  in  graphical  records  appears  to  comprehend  the 
following  varieties  for  the  purposes  indicated: 

(1)  Curves  plotted  between  variable  quantities  affecting  equipment 
details,  such  as  the  relation  between  current-carrying  capacity  of  spring 
contacts  and  the  pressure  at  the  point  of  contact,  or  the  relation  of  the 
life  of  paint  and  total  cost.  Such  curves  are  of  great  value  in  deter- 
mining details  of  practice  on  the  basis  of  real  information.  Manufac- 
turers are  in  a  position  to  furnish  data  in  this  form. 

(2)  Records  of  costs  plotted,  usually,  against  time  for  maintenance 
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of  detail  parts  and  totals.  Such  are  valuable  for  the  determination 
of  the  durability  of  the  individual  parts  of  the  equipment  and  espe- 
cially as  a  basis  for  conference  and  discussion. 

(3)  Records  of  performance,  usually  on  a  time  basis,  such  as  numbers 
of  cars  pulled  in  by  months,  car-miles  per  defective  car  removed  from 
line,  hot-bearing  records,  etc.  These  are  useful  for  the  same  purposes 
as  (2). 

(4)  Construction  progress  records,  partly  for  the  purpose  of  insuring 
the  delivery  of  parts  at  the  times  they  are  needed. 

(5)  Organization  and  routeing  diagrams. 

As  examples  of  special  studies.  Figs.  28-31  have  been  selected. 

Fig.  28  is  a  study  made  by  the  Detroit  United  Railway  in  the  process 
of  reducing  the  cost  of  car  painting  by  improving  washing  methods. 
It  shows  at  a  glance  the  results  of  increasing  tlie  life  of  car  finish  and 
could  be  used  in  selecting  paint  on  an  economical  basis  or,  as  it  was,  for 
determining  the  best  methods  of  washing.  Fig.  29  was  used  by  C.  W. 
Squier  in  his  ''Equipment  Defects"  series  of  articles  in  indicating  how 
circuit-breaker  contact  pressures  affect  carrying  capacity.  Such  data 
for  every  element  of  equipment  should  be  in  the  hands  of  all  equipment 
men. 

Fig.  30  is  from  a  report  of  the  Board  of  Supervising  Engineers, 
Chicago  Traction.  It  is  typical  of  the  kind  of  information  needed  in 
track  work  in  selecting  ties  and  spikes.  By  the  ingenious  plan  shown 
a  great  deal  of  information  is  condensed  in  a  small  space.  This  board 
makes  extensive  use  of  graphical  presentation  of  data.  Fig.  31  shows 
curves  prepared  by  a  brush  manufacturer  in  the  course  of  improving 
his  product,  but  they  supply  exactly  the  information  needed  in  the 
shop.  Similar  curves  between  brush  pressure  and  voltage  drop,  pressure 
and  life  of  brushes,  etc.,  would  also  be  convenient. 

Continuous  records  of  maintenance  cost  data  are  easily  kept  graph- 
ically and  the  advantages  of  so  doing  are  obvious  from  an  inspection 
of  Figs.  32,  33  and  34.  Fig.  32  is  from  the  New  York,  Westchester  & 
Boston  Railway.  It  serves  to  show  clearly  how  the  cost  of  repairs  was 
brought  down  to  a  reasonable  value  until  it  is  nearly  down  to  inspection 
cost.  Fig.  33  gives  a  more  elaborate  analysis  of  the  United  Railroads  of 
San  Francisco  records  prepared  by  B.  J.  Arnold.  It  contains  more  rec- 
ords in  a  single  sheet  than  are  usually  necessary  but  has  the  advantage  of 
condensation.  In  reading  diagrams  like  Figs.  32  and  33  it  is  necessary  to 
remember  that  the  points  represent  average  values  for  the  period  corre- 
sponding to  the  horizontal  units  and  not  instantaneous  values.  Fig.  34  is 
a  sample  diagram  from  the  equipment  department  of  the  New  York  Rail- 
ways, which  employs  graphical  records  on  a  large  scale.  This  par- 
ticular chart  was  prepared  for  the  purpose  of  showing  the  change  in 
maintenance  costs  over  a  long  period,  but  similar  charts,  with  the  month 
as  the  time  unit,  are  plotted  for  all  elements  of  maintenance  cost. 
These  are  sent  monthly  to  heads  of  departments  and  are  made  the  basis 
of  discussion  at  staff  conferences.  Obviously  discussion  with  the  record 
of  operating  results  at  hand  in  such  tangible  form  cannot  but  result 
in  more  intelligent  shop  practice.  The  advantage  of  keeping  such  rec- 
ords in  some  standard  form  can  be  seen  from  Figs.  35  and  36  from 
different  roads,  for  if  it  is  profitable  to  compare  performance  month 
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Tig.    32 — Car   Maintenance    Cost,    New 
York,  Westchester  &  Boston  Railway 
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Fig.  33 — Car  Maintenance  Cost,  United  Railroads  of  San  Francisco 
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Company 

"by  month  on  one  system  it  is  equally  so  to  make  intercompany  com- 
parisons. 

Cost  diagrams  can  often  contain  other  information  as  to  factors  affect- 
ing cost  as,  for  example,  in  Fig.  37,  which  was  prepared  by  the  effi- 
ciency engineering  department  of  The  Milwaukee  Railway  &  Light 
Company.  It  shows  the  effect  of  introducing  a  premium  system  in  the 
flooring  of  cars.  Cars  631  to  633  were  framed  and  floored  by  day  work, 
cars  634  to  657  under  the  premium  system.  Lino  d  is  the  bonus  time 
allowed  above  a  standard  of  100  hours  set  from  observation  on  the  first 
three  cars.  Line  h  is  the  actual  time  consumed,  in  man-hours.  Line  c 
is  the  time  paid  for,  and  line  a  is  the  cost  to  the  company  for  labor  on 
underframe  and  floor  construction. 

Another  class  of  diagram,  typified  in  Figs.  38  and  39,  is  of  value  in 
keeping  track  of  performance  in  terms  of  traffic  or  time.  These  dia- 
grams were  made  by  B.  F.  Legare,  engineer  maintenance  of  way  United 
Railroads  of  San  Francisco.  They  depict  rail-head  wear,  in  terms  of 
both  traffic  and  time,  by  the  simplest  expedient  of  indicating  time- 
points  on  the  wear  curves  by  letters.  Fig.  40  shows  a  Brooklyn  Rapid 
Transit  daily  hot-bearing  record,  in  which  a  small  rectangle  represents 
cne  hot  bearing. 
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Fig.  41  is  a  hot-bearing  record  from  the  New  York  Subway  showing 
averages  by  months.  The  record  for  the  succeeding  year  is  placed  on 
the  same  sheet  for  comparison  of  similar  months.  Generally  this  would 
answer  the  same  purpose  as  the  preceding  and  is  much  cheaper  to  pro- 
duce. In  Fig.  42  is  given  a  ' '  cars-pulled-in "  record  of  the  Connecticut 
Company,  Hartford  shops.  This  company  uses  similar  diagrams  for 
different  car  troubles,  arranging  data  for  comparison  of  carhouses  with 
a  view  to  stimulating  competition.  The  lines  for  the  several  years  are 
distinguished  by  their  character. 

In  addition  to  the  examples  already  cited,  there  are  many  special 
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Fig.   40. — Lubrication   Record 


-uses  of  graphics  in  maintenance  work.  For  instance,  autographic  rec- 
ords of  wheel  press  pressure,  such  as  shown  in  Fig.  43  which  is  from 
a  car-shop  hydraulograph  operated  by  the  Boston  Elevated  Railway. 
Construction  progress  diagrams  are  also  very  useful.  The  style  shown 
in  Fig.  44,  as  used  by  the  Connecticut  Company,  is  good  for  general 
summaries,  but  for  daily  records  that  shown  in  Fig.  45  is  better.  The 
latter  is  used  by  the  British  Columbia  Electric  Railway  of  Vancouver. 

A  wheel  record  form  that  combines  simplicity  and  effectiveness  is  the 
card  used  by  the  Massachusetts  Electric  Companies  and  shown  in  Fig. 
46.     A  history  of  each  pair  of  wheels  is  entered  on  the  back  of  the  card. 

In  the  January  5,  1918,  number  of  Electric  Railway  Journal  were 
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printed  a  large  number  of  additional  charts  pertaining  to  electric  rail- 
way operating  characteristics.  These  with  certain  abstracts  from  the 
articles  which  accompanied  them,  have  been  reproduced  to  show  how 
completely  the  various  phases  of  operation  may  be  recorded  by  charts. 
Several  portions  of  the  article  not  having  particular  reference  to  the 
charts  and  all  of  the  tables  have  been  omitted,  so  that  the  following 
does  not  present  a  complete  resume,  and  those  interested  in  the  subject 
should  read  the  original  reference  noted  above. 

In  the  growing  community  a  railway  manager  can  get  a  great  deal 
of  helpful  information  from  the  following: 

First — Graphs  of  the  increase  in  population  according  to  the  shortest. 
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Fig.  41 — ^Hot  Journal  Record 
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Fig.  42— Record  of  Cars  Pulled  In 


intervals  available.  Figs.  47  and  48  preseot  such  graphs  for  two  Amer- 
ican cities,  both  being  reproduced  to  show  how  the  ratios  of  increase  may 
differ.  Nor  should  we  stop  here.  If  at  all  possible  similar  graphs, 
should  be  made  by  districts,  to  determine  where  track  should  be  put. 
down  and  where  track  should  be  pulled  up. 

Second — Graphs  of  growth  of  employment  establishments  and  wage 
earners.  Fig.  49  shows  that  these  two  elements  in  city  growth  are  by 
no  means  parallel.  A  slight  increase  in  shops  against  a  big  increase  in 
men  discloses  a  greater  likelihood  of  congestion  than  if  the  shops  also 
had  increased  in  the  same  ratio.  Factory  capacity  is  usually  increased 
vertically  or  by  annexes;  but  factory  number  is  usually  increased  by 
new  construction  in  another  district.  Some  railwa^^s,  in  the  absence- 
of  these  graphs,  have  overlooked  developments  like  these;  or,  contrari- 
wise, have  continued  excess  service  to  a  rundown  factory  district. 

Third — Graphs  which  indicate  the  financial  progress  of  the  commun- 
ity, such  as  value  of  products,  capitalization,  cost  of  material  and  wages- 
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{Fig.  50)  and  the  bank  clearings  (Fig. .51).  Bank  deposits  should  also 
be  plotted.  Such  graphs  as  these  will  speak  in  mighty  convincing  tones 
alike  to  the  banker,  the  board  of  directors,  the  management  and  the 
community. 

To  know  how  the  general  finances  are  tending,  keep  graphs  of  the 
gross  earnings,  operating  expenses,  interest  charges,  net  earnings,  taxes 
and  the  remainder  necessary  for  paying  th-e  interest  on  stocks,  bonds, 
mortgages  and  reserve  funds.  They  are  usually  made  on  what  is  com- 
monly known  as  a  twelve-months'  ending  curve,  namely,  each  point  on 
the  graph  represents  the  business  of  the  preceding  lunar  year,  like  Jan- 
uary to  December,  February  to  January,  inclusive,  etc.  When  we  plot 
the  graph  on  this  basis,  the  influence  of  fluctuations  is  decreased  so 
that  it  is  easier  to  form  a  direct  idea  of  general  tendencies  in  either  the 
increase  or  decrease  of  the  different  items.     This  is  illustrated  by  Fig.  52. 


RECORD    OF   STEEL    WHEELS 


0 
CEAR  END 

at* 

Tu 

k      WhMtDI» 

Wi>-«lto 

\ 

34" 

/ 

_\ 

WiM>N«... 

^ 

^ 

/ 

— 

^ 

33K' 

/ 

-N 

r 

~ 

~~\ 

1 

32X- 
32.- 

its 

31" 
36;*' 

~~ 

~" 

~ 

"■ 











_ 

_ 

_J 

DuncMr  bt'ort  tutniag 
Oitmtttr  tUtt  tuni'iif 


DiaiMler  beTsri  teralRg. 
l(t*t  larnifir 


1M  »  pi«e«  «f  teft  \t»i  im)  (ci  th.  -.!..ne  of  ttn  e>icl  itii|M  of  ireid.jnd  nine*  befaf»  hirniv  iM  muk  i 


Fig.   46 — Wheel-Wear   Record   Form,  Massachusetts  Electric 
Companies 

Other  important  studies  are  the  preparation  of  graphs  to  show  the 
gross  receipts,  increase  in  population  and  car-miles.  On  the  same  chart 
are  plotted  receipts  per  capita,  car-miles  per  capita,  etc.,  as  in  Fig.  53. 

To  find  if  the  expenditure  of  the  various  departments  varies  in  the 
same  ratio  as  the  gross  income  of  the  company,  graphs  are  prepared  of 
the  gross  receipts,  total  operating  expenses  and  car-miles,  as  in  Fig. 
54.  It  is  good  practice  to  show  the  gross  and  operating  expenses  in 
total  dollars,  while  plotting  directly  underneath  it  the  receipts,  operat- 
ing expenses,  cost  of  conducting  transportation,  power,  maintenance  of 
way  and  structure,  maintenance  of  equipment  and  general  and  mis- 
cellaneous expenses  in  cents  per  car-mile.  With  the  car-mile  basis,  the 
manager  can  see  at  once  if  departmental  expenses  are  increasing  or  de- 
creasing in  proportion  to  the  railway's  gross  earnings.  An  opportunity 
to  compare  relative  total  operating  expenses  and  receipts  on  a  cents 
per  car-mile  basis  is  presented  in  Fig.  55. 

The  same  method  of  analyzing  accounts  applied  to  the  system  as  a 
whole  should  be  extended  to  the  individual  lines.  It  is  absolutely  vital 
to  know  the  earning  value  of  each  line  by  itself;  and  not  the  least  im- 
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FIG.  56 

Fig.  47 — Growth  in  Population,  Town  A 

Fig.  48 — Growth  in  Population,  Town  B, 
from  Top  Down,  Combined,  City  and 
Suburbs 

Fig.  49 — Relation  Between  Growth  in 
Numbers  of  Wage  Earners  and  Estal)- 
lishments 

Fig.  50 — Relative  Increases  in  Value  of 
Products,  Capitalization,  Cost  of  Ma- 
terial and  Wages,  Town  A 
Fig.  51 — Record  of  Bank  Clearings, 
Town  A 


Fig.    52— Company    Records,    Town    B, 

Suburbs  Included 
Fig.   53 — Company   Records,   Per   Capita 

Data,  Town   B,  Suburbs  Included 
Fig.  54 — Total  Departmental  Data,  Town 

B,  Suburbs  Included 
Fig.   55 — Gross   Receipts   and    Operating 

Expenses  Per  Car-Mile,  Town  B  Alone 
Fig.  56 — Car-Miles  and  Energy  for  One 

Year   by    Months 

Fig.  67— Car-Miles  and  Energy  for  Two 

Years  by  Months 
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portant  reason  is  the  ability  which  it  lends  to  a  manager  to  prove  his 
case  when  he  is  asked  to  make  an  unreasonable  increase  in  service. 

He  knows,  for  example,  that  an  extra  stop  slows  down  schedules  and 
costs  money  but  he  must  prove  this  to  the  satisfaction  of  the  complain- 
ants in  figures,  for  his  say-so  is  no  better  than  that  of  any  other  man. 

Figs.  56  and  57  contrast  the  average  car-mile  earnings,  car-hours  and 
car-mileage  of  a  certain  city  with  those  of  its  best-paying  line.  Going 
still  further,  Fig.  58,  we  get  a  contrast  of  all  the  lines  individually  (on 
another  system)  revealing  the  perceptible  disproportion  between  car- 
miles  and  earnings  per  mile.  The  operating  expenses  of  a  line  may 
seem  to  be  reasonable  when  measured  on  a  car-mile  basis  but  be  found 
unduly  high  when  measured  on  a  car-hour  basis.  For  this  reason,  if 
a  railway  has  the  information  figured  on  a  basis  of  both  car-miles  and 
car-hours,  it  comes  pretty  close  to  knowing  what  parts  of  the  system 
are  bringing  in  the  net  income,  where  service  should  be  added  and  where 
it  should  be  taken  off. 

By  further  segregation  of  the  standard  classification  of  accounts,  the 
cost  of  operation  of  individual  lines  can  be  obtained.  Thus  where  sev- 
eral lines  operate  over  one  track,  the  expense  of  maintenance  and  op- 
eration can  be  distributed  in  proportion  to  the  car-mileage  of  the  in- 
dividual lines. 

To  get  these  data,  the  superintendent  or  manager  instructs  the  con- 
ductors to  count  the  number  of  passengers  at  each  point  selected,  and 
each  conductor  also  receives  a  printed  card.  Fig.  59,  for  writing  down 
his  figures. 

When  the  service  of  the  individual  lines  is  analyzed,  it  is  well  to 
consider  the  cost  or  appraisal  value  of  each  of  the  lines  which  we  are 
comparing.  Frequently,  a  large  amount  of  money  necessarily  has  to 
be  invested  to  construct  over  a  bridge  or  some  costly  fill — items  which 
are  not  taken  into  consideration  when  operating  costs  ony  are  borne 
in  mind. 

Still  another  subject  of  profitable  study  for  the  average  road  is  a 
careful  analysis  of  the  turnback  situation.  To  determine  the  turn- 
back points  for  any  particular  line,  it  is  necessary  to  analyze  the  pas- 
senger loads  on  all  cars  at  all  hours  of  the  day. 

Of  course,  in  making  comparisons  of  total  and  departmental  expendi- 
tures we  should  be  sure  that  apparent  savings  in  way  or  equipment 
maintenance,  power  or  transportation  expenses  are  really  savings. 
They  may  be  merely  transfer  charges,  as  when  a  saving  in  power  pos- 
sibly is  transferred  to  the  cost  of  transportation.  Therefore,  each  sav- 
ing must  be  considered  in  the  light  of  what  effect  it  will  have  on  other 
costs. 

The  importance  of  departmental  studies  like  Fig.  54  is  emphasized  by 
comparisons  with  the  statistics  of  the  United  States  Census  Bureau.  Its 
1912  report  shows  that  of  the  gross  income  of  all  the  electric  railways  of 
the  United  States,  the  58.18%  operating  ratio  was  divided  as  follows: 

Maintenance  of  way  and   structures    8.17% 

Maintenance    of    equipment    7.06% 

Transportation 24.42% 

Power   9.00% 

General  expense   9.53% 

Total 58.18% 
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We  all  know  that  the  recent  exceptional  increases  in  the  price  of 
labor  and  material  will  raise  this  percentage.  Thus  the  figure  for  trans- 
portation expenses  is  nearer  35  and  40%  than  24.42%. 

It  would  seem  advisable  also  to  include  the  depreciation,  contingency 
funds,  taxes  and  terminal  charges  in  the  operating  ratio  to  obtain  a 
true' idea  of  what  it  really  costs  to  conduct  electric  railway  business. 

The  data  from  the  turn-back  studies  may  be  used  for  chief  aid  in 
determining  another  important  matter:  The  best  size  of  car. 

^To  do  this  we  must  develop  loading  graphs  which  will  show  at  each 
checking  point  the  maximum  and  minimum  number  of  passengers  on 
all  cars  at  hourly  intervals  throughout  the  day,  the  two  classes  of  load- 
ing graph  being  contrasted  with  the  straight  line  which  represents  the 
seating  capacity  and  with  the  derived  graph  of  average  loading.  It  is 
this  ''average  loading"  which  should  determine  the  size  of  the  car  best 
suited  for  the  line. 

For  instance,  an  examination  of  the  upper  graphs  in  Fig.  60  shows 
that  the  car  should  be  a  little  larger  to  care  for  the  worst  condition 
or  that  more  of  the  present  type  should  be  operated.  By  making  similar 
studies  for  say  a  dozen  points  (as  indicated  in  Figs.  61  and  62)  we 
can  decide  definitely  what  is  the  best  car  for  the  line  as  a  whole,  while 
for  the  congested  sections  we  can  arrange  shorter  headways  through 
turn-backs  or  trippers. 

Again,  we  may  look  at  the  question  in  another  way:  Will  the  com- 
bined effects  of  increased  rates  of  acceleration  and  braking,  shorter 
length  of  stops,  fewer  stops  per  mile,  etc.,  be  of  sufficient  importance 
to  give  a  shorter  headway  with  the  same  number  and  size  of  cars  now 
in  use?  We  must  not  ignore  the  probability  that  shorter  headways  will 
bring  more  gross  revenue. 

Such  studies  as  these  should  be  considered  in  connection  with  the 
analysis  of  line  travel  by  zones  as  detailed  in  the  following  paragraphs. 

Both  in  securing  general  data  on  a  line  and  the  making  of  schedules 
it  is  best  to  divide  the  line  into  zones.  In  the  downtown  districts  the 
travel  is  congested  and  stops  frequent,  so  the  running  time  must  neces- 
sarily be  relatively  slow.  As  we  leave  the  center  of  the  city,  stops  are 
less  frequent  and  vehicle  and  pedestrian  interference  greatly  reduced; 
therefore  the  schedule  speed  is  much  higher.  When  we  also  consider 
the  possible  turn-back  points,  we  are  ready  to  lay  out  the  following 
data: 

1 — Distance 


2— 

Running 
Time 

Stops 

Length 
of  Stop 

Schedule 
Speed 

Average 
Voltage 

A.M.  rush 

A.M.  non-rush 

Noon  rush   

P.M.   rush    

P.M.  non-rush   

Evening    

Night    

.... 



3 — Curves  and  grade  condition 


4 — Special  traffic  conditions 
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When  we  have  these  data  (see.  Fig.  63)  plus  the  schedule  possibility 
•of  each  car,  we  know  if  we  are  getting  all  out  of  our  equipment  that  is 
advisable,  making  due  allowance  against  a  schedule  that  is  "too  tight" 
to  keep  the  men  ambitious  to  hold  the  cars  to  time.  The  stops  given 
in  Fig.  63  are  equivalent  stops,  and  include  slowdowns. 

At  any  rate,  we  are  now  armed  with  definite  information  and  can 
take  up  intelligently  such  problems  as  municipal  traffic  rules  to  secure 
the  street  car  a  right-of-way  that  will  increase  the  schedule  speeds  so 
that  it  will  not  be  necessary  for  the  crew  to  take  chances  in  meeting 
tight  schedules. 

Or  to  take  a  less  obvious  condition:  Exact  knowledge  of  the  voltage 
in  each  of  the  zones  will  show  if  the  bonding  is  right  or  if  there  is 
enough  feeder  in  the  section  observed.  For  example,  Fig.  64  shows  how 
radically  the  schedule  speed  or  mileage  output  of  a  car  is  affected  over 
a  range  of  400  to  600  volts.  What  this  low  voltage  means  can  there- 
fore be  calculated  directly  in  dollars  and  cents  so  that  it  is  easy  to  de- 
termine whether  it  will  pay  to  buy  better  bonds,  use  automatic  substa- 
tions, install  more  feeder  copper  or  to  take  any  other  measures  that  will 
improve  the  quality  of  service  while  lowering  the  cost  of  service. 

TABLE  I— SCHEDULE  SPEED  EFFICIENCY  AS  AFFECTED  BY  VOLTAGE 

400-Volt  500-Volt  600-Volt 

Schedule  Schedule    '  Schedule 

Stops  per      M.P.H.             Per  M.P.H.              Per  M.P.H.              Per 

Mile                                   Cent  Cent  Cent 

3                12.4                 79  14.2                 90.5  15.7                  100 

5                11.0                 84  12.2                 93.2  13.1                  100 

7                  9.9                 86.6  10.75               94.3  11.4                 100 

9                  9.1                 91  9.6                 96.0  10.0                 100 

Calculated  on  basis  of  tangent  level  track  and  without  leeway. 

From  Fig.  64,  just  mentioned,  Table  I  has  been  prepared  to  show 
the  schedule  possibilities  with  a  20-ton  car  at  400,  500  and  600  volts. 

What  has  already  been  said  about  the  essential  records  required  by 
an  electric  railway  indicates  the  need  for  a  statistical  department.  Pre- 
ferably this  bureau  should  be  combined  with  the  schedule  department 
because  most  of  its  work  bears  so  directly  upon  transportation  problems. 

The  work  should  be  guided  by  an  experienced  transportation  en- 
gineer who  would  have  the  tact  to  co-operate  with  all  of  the  other  de- 
partments and  who  would  also  have  the  ability  to  analyze  every  func- 
tion of  operation.  To  make  a  success  of  this  department,  it  is  also 
necessary  to  have  its  findings  presented  to  the  chief  executive  in  such 
a  way  as  to  make  its  studies  of  practical  instead  of  theoretical  value. 

This  would  be  the  department  to  prepare  all  the  graphs  mentioned 
in  the  different  portions  of  this  study.  The  chief  executive  of  a  rail- 
way may  lack  the  time  for  details,  but  it  is  his  duty  thoroughly  to  review 
all  of  the  phases  of  the  work  of  this  department,  to  keep  in  touch  with 
the  transportation  engineer  and  to  transmit  to  him  such  directions  as 
are  necessary  to  develop  the  usefulness  of  the  statistical  and  schedule 
studies. 

A  truly  scientific  schedule  department  will  solve  many  problems  that 
cannot  well  be  handled  directly  by  the  operating  department.     For  ex- 
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ample,  there  is  the  problem  of  determining  whether  it  is  desirable  to 
have  four  different  running  speeds  a  day ;  and  if  so,  what  are  the  most 
economical  figures,  the  question  of  balancing  platform  cost  against 
power  voltage,  and  others. 

Or  if  it  is  a  problem  of  removing  an  obstacle  not  within  the  control 
of  the  railway,  such  as  vehicular  and  automobile  congestion,  better  re- 
sults will  be  obtained  by  publishing  charts  of  surveys  and  detail  reports 
of  the  delays  so  caused  to  the  riding  public  than  any  amount  of  re- 
crimination without  evidence.  If  parking  and  safety  zone  ordinances 
are  wanted,  let  this  department  prove  the  necessity  for  them. 

In  the  past  it  has  been  too  often  the  practice  to  lay  out  schedules  on 
what  might  be  termed  the  ''cut  and  try"  method.  By  this  is  meant 
that  a  trial  car  is  operated  over  the  line,  usually  under  the  supervision 
of  some  competent  man,  and  the  running  time  so  made  generally  de- 
termines the  future  schedule. 

On  the  other  hand,  every  individual  type  of  car  has  a  certain  schedule 
possibility  which  is  almost  entirely  determined  by  the  free  running 
speed  of  the  equipment,  the  arrangement  of  passenger  interchange  and 
fare  collection  facilities.  The  free  running  speed  of  each,  car  being 
known  and  the  other  conditions  outlined  in  the  present  study  being 
reviewed,  schedules  can  be  calculated,  based  on  what  each  type  of  car 
is  actually  capable  of  performing.  Schedules  prepared  on  such  a  basis 
should  prove  more  satisfactory  than  those  established  by  guess,  al- 
though they  should,  of  course,  be  carefully  checked  by  actual  trial  as. 
formerly. 

To  facilitate  the  making  up  of  schedules  on  this  basis,  two  graphs^ 
Figs.  71  and  72,  will  be  discussed  later  in  this  study;  one  for  a  20-ton 
car  and  one  for  a  7^/^-ton  car.  These  graphs  give  the  schedule  speeds 
which  are  possible  with  an  equipment  geared  for  any  free  running 
speed  within  certain  limits.  It  is  appreciated  that  the  voltage  will 
change  the  free  running  speed.  The  average  voltage  can  be  obtained 
by  observation  and  due  allowance  made  in  the  free  running  speed. 
With  but  a  very  small  commercial  error,  free  running  speeds  of  all 
cars  decrease  in  proportion  to  the  voltage,  as  outlined  later. 

This  speed  can  be  raised  or  lowered  by  changing  the  gear  ratio.  This 
change  affects  directly  the  amount  of  energy  used  and  so  has  certain 
practical  limitations  set  by  the  horse-power  capacity  of  the  equipment. 
It  is  always  safe  to  lower  the  free  running  speed  of  the  car,  assuming 
this  to  be  advisable,  but  when  the  speed  is  raised  it  is  well  to  consult 
the  equipment  manufacturer  and  give  him  all  the  operating  conditions 
before  making  a  change. 

One  of  the  most  important  things  is  to  know  the  schedule  possibility 
of  every  car  which  the  company  owns. 

This  is  directly  affected  by  the  free  running  speed  of  the  car,  namely, 
the  speed  which  a  car  will  ultimately  attain  if  the  controller  is  at  full 
''on"  position  and  the  car  is  running  on  tangent  level  track. 

One  of  the  basic  factors  in  the  railway  business  is  the  number  of 
stops  the  car  has  to  make.  This  factor  directly  affects  the  line  capacity, 
numbers  of  cars  for  a  given  service,  car-hours,  power,  maintenance  of 
equipment,  size  of  motors,  etc. 

The  length  of  stop  can  be  decreased  if  passengers  are  urged  both  by 
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posters  and  by  word  of  mouth  to  board  and  leave  the  car  as  expeditiously 
as  possible,  while  the  conductor  should  be  urged  to  be  prompt  in  giving 
signals  to  the  motorman  through  push-buttons  or  otherwise.  The  value 
of  decreasing  the  length  of  stop  is  strongly  brought  out  by  Pig.  67. 

One  way  of  operating  fewer-stop  service  is  to  stop  on  alternate  cor- 
ners; the  other  is  to  have  outbound  cars  stop  at  one  series  of  corners 
while  inbound  cars  stop  at  the  other  series  of  corners.  The  latter 
method,  or  "stagger'^  stop,  illustrated  in  Fig.  69,  has  the  advantage  of 
equalizing  the  walking  done  by  all  passengers,  since  the  passenger  who 
walks  an  extra  block  in  the  morning  does  not  have  to  do  so  at  night — 
and  vice  versa.  The  stagger  stop  has  been  successfully  introduced  at 
Cleveland,  Detroit,  Buffalo,  Kansas  City  and  Toledo,  and  is  now  being 
tried  at  Baltimore,  Dallas,  Cincinnati  and  Columbus. 

To  show  that  the  stagger  stop  plus  walking  is  quicker  for  the  patron 
than  haphazard  stopping,  Fig.  70  has  been  prepared.  This  shows  the 
time  required  to  walk  distances  up  to  1,000  ft.  Of  course,  the  distance 
between  stops  does  not  have  to  be  traversed  by  every  individual  car 
user.  The  greatest  distance  which  he  will  have  to  walk  will  be  one-half 
of  the  dist'ance  between  the  possible  car  stops. 

The  great  importance  of  the  system  of  fare  collection  on  loading 
time  is  shown  in  Fig.  68,  which  brings  out  the  greater  passenger-in- 
terchange speed  of  the  pay-as-you-pass  car  over  a  prepayment  car  in 
exactly  the  same  service.  Thus  the  pay-as-you-pass  car  interchanged 
sixty  on  or  off  passengers  in  43  sees,  while  the  other  car  required  68 
sees,  or  25  sees,  more ! 

To  show  definitely  what  can  be  secured  from  schedules  with  different 
rates  of  acceleration  and  braking,  three  sets  of  graphs  have  been  made 
up.  Fig.  71  shows  a  40,000-lb.  car  complete  with  load  and  geared  for 
a  free  running  speed  of  25  m.p.h.,  assuming  a  definite  length  of  stop 
of  five  seconds.  The  calculations  are  made  on  the  basis  of  accelerating 
and  braking  at  1,  IMi,  2  and  21^  m.p.h.p.s.  With  an  equipment  on  cars 
of  this  weight  the  best  rate  of  acceleration  which  we  have  been  able  to 
obtain  commercially  is  2  m.p.h.p.s.  However,  since  the  future  may  give 
us  an  equipment  and  car  construction  which  will  enable  us  to  accelerate 
at  2^/^  m.p.h.p.s.  we  have  included  this  figure. 

On  the  automatic  safety  car,  Fig.  72,  data  have  been  prepared  for 
a  car  which  will  weigh  complete  with  live  load  VA  tons  or  15,000  lb. 
The  rates  of  acceleration  and  braking  specified  for  this  car  are  11^,  2 
and  2^^  m.p.h.p.s.  This  car  is  also  geared  for  25  m.p.h.  free  running 
speed,  and  we  are  assuming  that  the  stops  are  of  the  same  length  as  for 
the  larger  car,  that  is  five  seconds.  On  these  two  graphs  we  have  taken 
the  example  of  a  car  accelerating  and  braking  at  different  rates  and  have 
taken  full  advantage  of  all  the  schedule  possibilities  of  the  equipment 
when  accelerating  and  braking  at  V/2  m.p.h.p.s.  It  will  be  noticed  that 
the  power  increases  with  the  more  rapid  rate  of  acceleration,  but  that 
we  secure  a  greater  schedule  speed. 

Another  condition  which  we  can  consider  is  that  illustrated  in  Fig. 
73.  This  graph  shows  the  maximum  speed  which  can  be  obtained  by  ac- 
celerating and  braking  at  V^  m.p.h.p.s.  The  power  when  this  accelera- 
tion is  in  use  is  shown  in  the  upper  graph. 

We  all  know  that  by  accelerating  and  braking  at  2  m.p.h.p.s.  rather 
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than  IMi  m.p.h.p.s.  there  is  a  considerable  saving  in  energy  consumption, 
providing  the  same  schedule  is  maintained  in  both  cases.  This  fact  is 
brought  out  by  Figs.  74  and  75,  which  show  the  power  saving  which  can 
be  made  by  accelerating  and  braking  at  different  rates,  while  maintain- 
ing the  same  schedule.  These  two  graphs  are  made  for  cars  operating 
in  runs  of  1,000  ft.  each. 

Fig.  73  shows  the  saving  which  can  be  made  in  energy  by  operating 
a  maximum  schedule  with  IV^  m.p.h.p.s.  acceleration  and  braking;  and 
also  the  energy  which  will  be  used  providing  this  acceleration  and  brak- 
ing are  changed  to  2  m.p.h.p.s.  With  this  latter  condition  we  will  still 
maintain  the  maximum  schedule  possible  with  the  lower  rate  of  acceler- 
ation and  braking. 

An  idea  of  the  schedule  speeds  which  can  be  made  with  cars  geared 
for  different  free  running  speeds  may  be  obtained  from  Fig.  66.  We 
have  assumed  that  the  car  weight  complete  with  all  equipment  and  live 
load  will  total  40,000  lb.  and  that  by  substituting  different  gearing  we 
can  arrange  the  car  to  have  free  running  speeds  of  15,  20,  25  or  30  m.p.h. 

The  service  fundamental  of  weight  embraces  the  size  of  car  or  seat- 
ing capacity  and  the  design  and  structure  of  a  comfortable  vehicle  capa- 
ble of  operating  at  a  speed  which  will  satisfactorily  meet  the  condi- 
tions of  traffic. 

To  help  us  review  the  influence  of  weight  propelled  on  a  particular 
motor  on  which  the  same  gearing  is  used,  graphs  have  been  prepared 
to  show  the  free  running  speed  which  determines  the  schedule  possi- 
bilities with  cars  having  a  total  weight  of  20,  28  and  36  tons  respeet- 
ively. 

Fig.  76  shows  that  the  free  running  speed  with  the  three  different 
classes  of  equipment  will  be 

20-ton  car — 25.6  m.p.h.  free  running  speed 
28-ton  car — 23.4  m.p.h.  free  running  speed 
36-ton  car — 21.4  m.p.h.  free  running  speed 

It  will  be  noted  that  this  graph  has  been  made  up  to  show  three 
different  runs  which  are  of  the  same  distance.  However,  the  time  of 
making  the  run  varies  with  the  different  weights  of  cars. 

By  referring  to  Fig.  77  we  see  that  the  highest  speeds  which  are  at- 
tained when  the  car  is  making  six  stops  per  mile  are  as  follows: 

20-ton  car — 21.0  m.p.h,  max.  running  speed 
28-ton  car — 19.4  m.p.h.  max.  running  speed 
36-ton  car — 18.1  m.p.h.  max.  running  speed 

The  time  required  for  each  cycle  of  operation  will  be  as  follows : 

20-ton — 41.00  seconds 
28-ton — 44.00  seconds 
36-ton — 47.25  seconds 

By  referring  to  Fig.  78  we  find  that  the  schedule  speeds  which  can  be 
operated  without  leeway  are  as  follows : 

Stops  per  mile 3  5  7  9 

20-ton  car  16.5  13.9  12.25  10.9 

28-ton  car 15.4  13.2  11.65  10.4 

36-ton  car 14.6  12.2  10.8  9.65 
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This  is  but  one  phase  of  the  study  of  what  weight  means.  Another 
phase  is  that  every  time  excess  weight  is  moved  it  is  paid  for  in  power. 
So  we  should  keep  weights  down  to  the  possible  minimum  and  still  re- 
tain safety  and  reasonable  maintenance.  If  we  desire  to  know  the  in- 
fluence of  weights  of  all  different  cars  on  the  system  which  are  in  serv- 
ice, we  can  ascertain  from  characteristic  curves  what  is  the  free  run- 
ning speed  of  each  car  which  is  in  service.  We  can  also  follow  up  the 
service  conditions  as  they  actually  are  and  obtain  the  number  of  stops 
per  mile  with  which  the  cars  are  operating.  From  these  data,  and  also 
from  the  data  which  are  given  on  the  graphs  of  power  consumption 
and  schedule  speed  possibilities,  we  can  determine  to  a  surprising  de- 
gree of  accuracy  the  amount  of  power  taken  by  the  different  cars  on 
the  system.  Due  allowance  can  be  made  for  transmission,  substations 
and  line  losses,  and  so  we  can  figure  out  the  total  amount  of  power  used 
by  any  combination  of  equipments. 

Where  the  mileage  operated  by  each  car  and  also  the  service  in  which 
it  is  operated  are  given,  relative  comparisons  can  be  made  as  to  what 
different  cars  cost  for  power  consumption.  Our  estimates  for  wear  and 
tear  on  track  by  equipments  of  different  weight  are  not  definite,  but 
approximate  figures  can  be  taken  to  enable  the  operator  practically  to 
determine  just  what  heavy  cars  cost.  By  making  a  comparison  of  this 
kind,  the  operating  department  will  learn  what  cars  should  be  run  for 
the  maximum  mileage  and  what  cars  should  only  be  used  as  trippers. 

A  number  of  factors  which  affect  cost  of  power,  such  as  number  and 
time  of  stops,  gear  ratios,  weights,  etc.,  have  already  been  discussed. 
The  time  elements,  of  course,  also  have  considerable  effect  on  platform 
costs. 

Undoubtedly  there  is  a  great  deal  of  loss  through  wasteful  operation 
of  electric  heaters  and  motor-driven  hot-air  heaters.  If  thermostats 
and  automatic  switches  were  used,  the  car-heating  peak  shown  in  Fig. 
79  would  be  reduced  25  to  33%%.  At  the  same  time,  the  riders  would 
be  more  comfortable,  because  of  the  more  uniform  temperature  attained. 
30%  of  the  electric  heaters  ordered  last  year  from  one  maker  included 
thermostats. 

Among  the  minor  power  losses  are  those  due  to  dragging  brakeshoes 
— a  condition  that  can  be  eliminated  partly  by  the  use  of  air  brakes, 
automatic  slack  adjusters  and  more  coasting.  The  installation  of  these 
devices  will  require  new  capital,  which  the  operating  company  may  or 
may  not  be  able  to  secure  at  a  reasonable  rate  of  interest. 

In  addition  to  these  factors  is  the  overwhelmingly  important  one 
of  the  motorman's  handling  of  the  car  operating  cycle,  namely  accel- 
eration, coasting,  braking.  Here  are  important  opportunities  if  we 
first  learn  how  to  analyze  the  possibilities  for  ourselves  and  then  in- 
struct the  motormen  with  the  aid  of  car  checking  instruments  to  operate 
exactly  as  they  should. 

Therefore,  it  will  be  of  decided  advantage  to  know  just  how  many 
seconds  are  required  for  each  particular  part  of  the  cycle  of  car  op- 
eration. In  order  to  facilitate  our  study  Figs.  80  and  81  have  been 
made  up  for. the  big  and  small  cars  respectively.  Fig.  80  illustrates  a 
car  weighing  20  tons,  which  is  geared  for  a  maximum  free  running  speed 
of  25  m.p.h.,  when  accelerating  and  braking  at  1^^  m.p.h.p.s.  using  20  lb. 
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per  ton  friction  during  the  power-on  period  and  25  lb.  per  ton  friction 
during  the  coasting  period.  Let  us  assume  that  this  car  is  operating 
in  a  service  with  six  stops  per  mile.  Then  the  car  will  require  26.3 
sees,  to  reach  the  point  where  the  current  is  cut  off  and  will  have  to 
traverse  a  distance  of  580  ft.  The  time  required  to  the  end  of  the  coast- 
ing will  be  31.7  sees,  and  the  distance  will  be  700  ft.  The  time  required 
to  the  end  of  the  braking,  namely,  when  the  car  comes  to  a  complete 
stop,  will  be  44.5  sees,  and  the  distance  traveled  will  be  880  ft.  On  the 
lower  ordinate  it  will  be  noted  that  time  and  stops  per  mile  are  speci- 
fied. The  stops  per  mile  refer  to  the  schedule  speed  graph  which 
is  shown  above  and  should  not  be  confused  with  the  distance  graph  or 
with  the  graphs  which  illustrate  the  actual  car  speed,  coasting  and 
braking. 

Since  the  energy  that  can  be  saved  during  the  run  cycle  depends 
largely  upon  the  time  available  for  coasting,  it  is  not  only  desirable  to 
use  high  rates  of  acceleration  and  braking,  but  also  to  shorten  the  length 
of  stop.  By  referring  to  the  graphs,  Fig.  82,  we  see  that  by  making  ^ 
seven-second  stop  the  coasting  will  amount  to  120%  of  the  power-on 
period,  while  by  extending  the  length  of  stop  to  10.9  sees,  this  figure 
is  further  reduced  to  47.8% ;  by  further  increasing  the  length  of  stop  to 
12.3  sees,  the  coasting  period  is  reduced  to  2.63%.  It  will  therefore 
be  readily  appreciated  that  if  we  are  operating  a  car  at  a  given  sched- 
ule, the  length  of  stop  is  a  big  factor  in  the  amount  of  coasting  possible. 
We  should,  therefore,  help  the  crews  all  we  possibly  can  to  take  ad- 
vantage of  this  phase  of  operation  in  addition  to  obtaining  the  permis- 
sible maximum  rates  of  acceleration  and  braking. 

The  use  of  anti-friction  bearings,  particularly  for  the  journals,  na- 
turally will  extend  the  coasting  period. 

It  may  be  added  here  that  even  on  lines  of  three  or  four  cars,  where 
the  larger  economies  (like  saving  a  car)  are  impracticable  it  is  at  least 
possible  to  get  more  coasting,  which  means  power  savings. 

The  number  of  cars  taken  from  service  every  day  because  of  equip- 
ment defects  directly  pictures  the  physical  condition  of  the  apparatus 
and,  broadly  speaking,  usually  represents  the  amount  of  money  which 
is  spent  for  equipment  maintenance.  Where  there  are  a  large  number 
of  failures  the  cost  of  maintenance  is  in  proportion. 

Records  should  be  made  of  all  crippled  cars  turned  in  by  the  trans- 
portation department;  and  it  is  advisable  to  transcribe  this  information 
into  classified  graphs  which  will  show  on  the  basis  of  car-miles  per  fail- 
ure, the  failures  to  motors,  electrical  equipment,  car  trucks,  bodies  and 
brakes  respectively^  On  large,  well-operated  systems  mileage  per  fail- 
ure varies  from  ^,800  to  4,400  car-miles.  By  the  proper  segregation 
of  these  failures  the  mechanical  department  knows  exactly  what  por- 
tion of  the  equipment  is  causing  the  largest  number  of  troubles  and 
can  use  its  energies  intelligently  to  care  for  each  trouble  as  it  comes 
along. 

It  is  even  more  important  to  know  just  how  many  minutes  delay  cer- 
tain defects  caused  in  service  on  the  line.  With  such  a  comparison, 
added  to  the  mechanical  analysis,  it  will  not  take  long  to  learn  what 
equipments  are  unprofitable  and  unsatisfactory. 

There  should  always  be  graphs  showing  the  effect  of  the  total  pull- 
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ins.  A  glance  at  these  charts,  such  as  Figs.  84,  85  and  86,  will  show 
whether  or  not  the  mechanical  department  is  maintaining  the  proper 
relations  betwen  failures  and  pull-ins. 

The  influence  of  rates  of  pay  and  considerate  treatment  of  platform 
employees  is  strongly  brought  out  by  a  study  of  the  Dallas  Railway 
under  Richard  Meirwether,  now  general  manager.  The  attached 
graphs,  Figs.  87  and  88,  show  how  a  voluntary  increase  in  the  average 
rate  of  pay  from  21  cents  to  26  cents  an  hour  over  a  period  of  six  years 
held  the  men. 

In  1911  the  average  length  of  service  of  a  trainman  was  26  mos. 
while  in  the  first  half  of  1917  the  average  length  of  service  had  increased 
to  49  mos. 

The  influence  which  the  retention  of  the  men  in  the  service  has  to 
accidents  is  very  striking.  It  will  be  noted  that  the  total  expense  in 
settling  claims  for  this  property  was  reduced  from  approximately  $97,- 
000  in  1911  down  to  approximately  $50,000  in  1916.  The  costs  in  each 
case  are  exclusive  of  the  shop  repairs  and  mileage  losses  due  to  shop- 
ping time. 

Aside  from  the  decreased  cost  of  accidents  we  must  consider  the  sav- 
ing in  instruction  cost  and  apprenticeship  periods. 

Fig.  89,  derived  from  "Blake  &  Jackson's  ''Electric  Railway  Trans- 
portation," presents  these  figures  on  a  year-by-year  basis. 

One  example  of  the  effect  of  jitney  competition  will  be  quoted  to 
show  what  records  were  kept  as  a  basis  for  discovering  the  habits  of 
the  intruder,  for  determining  the  extent  of  the  losses  and  for  finding  a 
remedy. 

Although  the  jitney  appeared  in  this  particular  city  in  1914,  there 
were  still  268  jitneys  in  July,  1916,  and  by  July,  1917,  the  number 
actually  rose  to  282.  In  the  intervening  months,  however,  as  Fig.  90 
shows,  the  number  declined  with  the  severity  of  the  weather. 

The  small  initial  investment  in  a  jitney  and  the  usual  absence  of  all 
service  obligations  make  it  easy  to  withdraw  individual  machines  from 
service;  the  large  collective  investment  and  fixed  charges  in  an  electric 
railway  and  the  franchise  requirements  compel  a  large  measure  of  serv- 
ice. Interest  necessarily  has  to  be  paid  on  the  investment,  and  every 
intelligent  effort  possible  must  be  made  to  conserve  that  investment  so 
that  new  capital  may  be  obtained  for  new  work. 

Of  course,  those  companies  which  tried  to  answer  jitney  competition 
by  cutting  down  their  own  service  made  a  tactical  error.  It  was  not 
necessary,  however,  to  go  to  the  other  extreme  of  increasing  the  service 
at  all  hours  of  the  day.  If  the  jitney  traffic  had  been  plotted  by  hours, 
as  in  Figs.  91,  92  and  93,  the  extra  service  could  have  been  put  on 
only  when  it  served  the  purpose  of  making  competition  unprofitable. 

That  the  electric  railway  can  win  on  the  basis  by  the  use  of  small, 
fast,  one-man  cars  on  short  headways  is  now  certain.  The  safety  car 
in  particular  has  proved  that  fact  in  a  host  of  places. 

Hotel  Operating  Characteristics.  From  an  article,  ''Records  at  the 
Blackstone,"  by  W.  A.  Eberman,  published  April  18,  1916,  in  Power, 
the  following  is  quoted  to  show  the  use  of  charts  in  obtaining  efficient 
supervision. 

To  make  a  comparison  of  one  period  with  another,  monthly  results 
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Fig.  85— Car-Miles    per    "Pull    In,"    i.e., 
Cars  Removed  from  Service  Due  to  Car 
Defects 
Fig.  86— Car-Miles  per  "Pull  In" 
Fig.  87 — Average  Duration  of  Service  of 

Trainmen,  Dallas 
Fig.  88 — Relation  of  New  Men  Employed 

and  Cost  of  Settling  Claims 

Fig.  89 — Graphs  Showing  How  Platform 

Experience  Cuts  Platform  Cost 


Fig.  90 — Graphs  Showing  Irregularity  of 

Jitney     Service     and     Regularity     of 

Street  Car  Service,  Town  B,  Excluding 

Suburbs 

Fig.  91 — Jitney  Check  in  Town  B,  on  C 

Street  at   Corner  of   First   Street 

Fig.  92 — Jitney  Check  in  Town  B,  on  E 

Street  at  Corner  of  Tenth   Street 

Fig.   93— Jitney  Check   in  Town  B,  F 

Street.  Corner  Fifth  Street 
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most  often  wanted  for  reference  are  plotted  on  cross-section  paper  in 
a  series  of  curves  that  show  at  a  glance  whether  the  consumption,  out- 
put or  expense  at  one  period  is  higher  or  lower  than  normal.  The 
curves  make  plain  the  connections  between  changing  conditions  and 
varying  output.  After  plotting  them  for  a  few  years,  a  lot  of  informa- 
tion is  secured  as  to  what  may  be  expected  in  certain  seasons  of  the 
year,  and  any  great  departure  from  previous  seasons  stands  out 
prominently.     In  this   plant   curves   are  plotted  not   only   of   engine- 
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Fig.  94 — Some  of  the  More  Important  Fig.  95 — Cost  Curves  and  Total 

Curves,    Including    Steam   and    Kilo-  Operating  Expenses 

watt  Output  These  curves  show  the  cost  of  water 

evaporated,  cost  of  coal  and  the  price 
per  ton,  also  the  cost  of  steam  per  1,000 
lb.  The  total  expense  curve  is  shown, 
also  those  for  supplies,  labor  and  the 
number  of  guests. 


room  performances,  but  of  costs  in  the  various  subdepartments,  these 
costs  being  subdivided  between  labor  and  material.  Some  of  the  more 
important  curves  are  reproduced  in  Figs.  94  and  95.  The  curves  kept 
on  file  are  of  steam  output,  total  electric  load,  current  for  lighting  and 
for  power,  refrigeration  load,  water  handled,  temperature  averages  and 
elevator  mileage.  Other  charts  take  care  of  the  expense  incurred  and 
show  the  total  expense,  total  labor  and  supplies.  The  expenses  of  sub- 
departments  in  which  labor  and  supplies  are  large  and  subject  to  con- 
siderable variation  are  charted,  and  another  chart  divides  the  cost  of 
labor  and  material  between  the  mechanical  division  and  the  engine  room. 
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To  the  mechanical  division  are  applied  expenses  other  than  for  the 
actual  operation  of  the  engine-room  machinery. 

To  show  the  convenience  of  these  charts,  suppose  the  engineer  was 
asked  why  the  expense  for  a  given  month  was  higher  than  the  corre- 
sponding month  of  a  previous  year.     Reference  to  the  charts  will  show 


Fig.   96 — Percentage   Each   Subdivision   Bears   of   Total   Cost  of 
Mechanical  Department 


that  the  total  expense  is  higher  and  that  the  increase  occurs  in  both  the 
mechanical  division  and  in  the  engine  room.  It  is  shown  that  the  me- 
chanical-expense increase  is  due  to  more  work  by  the  painting  depart- 
ment, which  has  a  larger  force  working,  and  reference  to  the  card  in- 
dex shows  that  a  large  stock  of  material  was  bought  during  that  month. 
The  engine-room  expense  is  higher,  but  no  increase  in  labor  is  shown, 
so  it  must  be  due  to  output  in  excess  of  that  of  the  previous  month  in 
question.  The  steam  curve  shows  an  increase,  and  as  the  coal  is  up  in 
the  same  ratio,  it  is  evident  that  the  efficiency  has  not  been  lowered. 
The  electrical  load  is  higher,  and  the  curves  show  whether  or  not  it  is 
due  to  extra  lighting  or  power.  Assume  that  they  are  both  high.  Part 
of  the  power  consumption  can  be  accounted  for  by  referring  to  the 
elevator  mileage  curve,  which  shows  a  decided  rise.  The  increase  of 
lighting  is  due  to  more  people  being  served,  which  is  indicated  both  by 
the  elevator  mileage — a  good  index — and  the  curve  giving  the  number 
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of  people  served.  A  greater  water  consumption  is  also  evident.  This 
is  to  be  expected  with  more  people  using  it  in  their  rooms,  more  linen 
to  be  washed,  more  food  to  be  prepared  and  cooked  and  more  dishes  to 
be  washed,  all  of  which  take  water. 

The  question  is  raised,  "Why  is  it  that  in  the  summer  months,  with 
current  consumption  at  its  lowest,  the  steam  does  not  come  down 
in  proportion?"  The  answer  is  found  by  looking  at  the  curve  of  re- 
frigeration, where  it  is  seen  that  the  output  was  at  its  greatest.  The 
reason  for  this  is  found  by  looking  up  the  weather  curve  showing  the 
average  mean  temperature  for  the  month,  which  in  this  case  is  high, 
and  the  necessity  for  more  ice  and  box  cooling  and  more  and  cooler 
air  for  the  restaurant,  lobby,  etc.  In  fact,  the  whole  story  is  plotted 
out  so  that  anyone  can  easily  read  it.     It  is  worth  the  trouble. 

The  curve  charts  are  fastened  to  thin  boards,  18x24  in.,  which  slide 
in  grooves  in  a  cabinet  made  for  them.  Both  sides  of  these  boards  can 
be  used,  so  that  22  sheets  can  be  handled.  Fig.  96  is  a  chart  prepared 
to  show  at  a  glance  the  percentage  each  subdivision  of  the  mechanical 
department  bears  to  the  total  expense  for  labor  and  supplies. 

Following,  is  a  list  of  articles  containing  further  illustrations  of  the 
use  of  graphic  charts  of  the  class  discussed  in  this  chapter  and  per- 
taining to  kindred  subjects. 

Upon  request,  the  Codex  Book  Co.,  Inc.,  19  William  Street,  New  York, 
will  be  glad  to  procure,  where  possible,  copies  of  maorazines  containing 
the  articles  needed,  only  charging  the  "old  magazine"  price,  plus  post- 
age. 

"The  Individuality  of  Water  Works  System,"  Engineering  and  Con- 
tracting, June  3,  1919. 

"Coasting  Records  of  Northern  Texas  Traction  Company,"  Electric 
Raihvay  Journal,  June  26,  1915. 

"Electric  Car  Maintenance,  J.  F.  Layng,  Paper  presented  at  meeting 
of  Pennsylvania  Street  Railway  Association,  Scranton,  Pa.,  December 
14,  1915. 

"Power  Plant  Efficiency"  Victor  J.  Azbe,  Journal  of  American  So- 
ciety of  Mechanical  Engineers,  December,  1916. 

"Value  of  Fuel  Economy  in  the  Power  Plant,"  Reginald  Trautschold, 
Industrial  Management,  August,  1917. 

"Cost  of  Manufacture  in  Distilled-Water  Ice  Plants,"  Peter  Neff, 
November  25,  1913. 

"Relative  Resistance  of  Various  Hard  Woods  to  Injection  of  Creo- 
sote," Clyde  H.  Teesdale  and  J.  P.  MacLean,  Railway  Review,  July  20, 
1918. 

"High  Vacuum  Condenser,"  Electrical  World,  February  22,  1913. 

"Diversity  and  Diversity  Factors,"  Terrell  Croft,  Power,  February 
4,  1917. 

"Coal  Consumption  Required  for  Certain  Pump  Duty,"  Electrical 
World,  December  2,  1916. 

"To  Indicate  the  Amount  of  Feed-water  Pumped  into  Boilers,"  F. 
Sawford,  Power,  October,  1907. 

"Centrifugal  Versus  Reciprocating  Boiler  Feed  Pumps,"  M.  William 
Ehrlich,  Electrical  World,  November  11,  1916. 
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"The  War-Time  Operation  of  Motor-Driven  Deep-Well  Pumps/'  P. 
S.  Biegler  and  I.  W.  Fisk,  Electrical  World,  Au^ist  17,  1918. 

''Stray  Losses  in  Direct-Current  Machines,"  W.  C.  King,  M.  B.  Mc- 
Dermott^  and  F.  W.  Maxstadt,  in  Electrical  World,  August  12,  1916. 

' '  Capacity  of  Belt  Magnetic  Separators, ' '  Geo.  J.  Young,  Engineering 
and  Mining  Journal,  November  16,  1918. 

''Graphs  for  Finding  Safe  Current-Carrying  Capacity  of  Insulated 
Copper  Wire,"  M.  C.  Mason,  Electrical  Review,  December  28,  1918. 

"Effect  of  Grades  and  Curves  in  Plotting  Speed-Time  Graphs,"  C. 
W.  Squier,  Electrical  Railway  Journal,  July  20,  1918. 

"Current  and  Power  Curves  Show  Results  to  be  r>xpected  of  Motors." 
C.  W.  Squier,  Electncal  Railway  Journal,  July  15,  1918. 

"Solution  of  Grinding  Problems,"  Sergio  Bagnaro,  Engineering  and 
Mining  Journal,  July  14,  1917. 

"Orifice  Bucket  for  Measuring  Water,"  Engineering  and  Mining 
Journal,  March  29,  1919. 

"Flow  of  Water  in  Pipes,"  E.  W.  Greene,  Power,  December  4,  1917. 

"Developing  Efficiency  in  Central  Stations,"  C.  M.  Rogers,  Power, 
July  4,  1916. 

"Storage  Batteries  for  Handling  Peak  Loads,"  Everard  Brown, 
Power,  April  6,  1915. 

"The  Significance  of  Load  Graphs,"  Terrell  Croft,  in  Power,  October 
2,  1917. 

"Thermal  Value  of  Coal,"  W.  C.  Stripe,  Power,  January  11,  1916. 

"Chart  for  Determining  Heat  Loss  in  Flue  Gases,"  H.  F.  Hutzel, 
Power,  December  12,  1916. 

"Characteristics  of  Uniflow  Engine  Generating  Units,"  E.  Hagen- 
locher.  Electrical  World,  February  10,  1917. 

"An  American  Locomobile,"  Power,  December  16,  1913. 

"Cutting  Power  of  Lathe  Turning  Tools,"  Wm.  Ripper  and  G.  W. 
Burley,  Iron  Age,  December  18,  1913. 


CHAPTER  XIV 
Showing  the  Results  of  Tests  and  Experiments 

As  an  aid  to  research  charts  are  invaluable.  Almost  every  large  in- 
dustrial concern  now  has  its  own  testing  and  experimental  departments 
and  in  all  big  cities  there  are  laboratories  devoted  entirely  to  investiga- 
tion along  untraveled  paths.  The  scope  which  such  tests  cover  is  end- 
less and  the  purpose  here  is  to  show  by  a  few  illustrations  the  methods, 
in  the  hope  that  they  will  offer  valuable  suggestions  that  may  be  applied 
in  many  other  directions. 

Strength  of  Materials.  E.  R.  Hedrick  is  authority  for  the  following, 
taken  from  his  article,  ''A  Generalized  Form  of  Hooke's  Law,"  in 
Engmeering  News,  September  16,  1915: 

It  has  been  known  for  a  long  time  that  many  materials  fail  to  satisfy 
Hooke's  law  exactly,  even  within  the  range  usually  described  as  below 
the  elastic  limit.  Even  such  substances  as  steel  and  wool  have  meas- 
urable variations  from  this  law  that  have  long  been  recognized  by 
physicists  and  engineers.  Other  substances,  such  as  cast  iron,  concrete, 
bronze,  copper,  stone,  rope  and  so  on,  depart  from  the  law  very  widely 
indeed. 

The  writer  discovered  originally  for  a  set  of  data  on  the  extensions 
of  rubber  that  the  measured  values  of  forces  and  extensions  gave  a  very 
much  better  straight  line  on  logarithmic  paper  than  on  squared  paper. 
This  means,  of  course,  that  the  relation  between  the  force  p  and  the 
extension  e  is  in  that  example  much  better  expressed  by  a  relation  of  the 
form 

p  =  k  e^        or  e  =  c  p^/" 

if  n  is  taken  different  from  unity.  In  the  example  just  mentioned  the 
value  of  n  was  found  to  be  approximately  0.625. 

I  have  been  working  over  the  data  contained  in  the  Reports  of  the 
Watertown  Arsenal,  in  which  the  numerical  results  of  the  actual  tests 
of  a  large  number  of  substances  are  given.  Contrary  to  my  original 
expectation,  I  soon  began  to  suspect  that  the  effect  noticed  in  the  ex- 
ample mentioned  is  not  peculiar  to  rubber,  but  occurs  also  with  many 
other  substances. 

I  have  now  worked  over  a  substantial  part  of  the  tests  in  several  of 
the  volumes  of  the  Watertown  Reports,  and  I  think  it  is  safe  to  an- 
nounce that  these  results  follow  a  straight  line  on  logarithmic  paper 
better  than  they  follow  a  straight  line  on  squared  paper,  in  a  very  large 
number  of  cases.     Fig.  1. 

For  steel,  of  which  the  tests  are  most  numerous,  the  value  of  n  is 
quite  close  to  unity,  but  it  is  in  most  instances  very  definitely  different 
from  unity,  and  there  are  specimens  that  give  values  as  low  as  0.69. 
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The  majority  of  specimens  of  steel  give  values  of  n  over  0.85,  but  many 
specimens  give  values  less  than  0.9. 

Some  other  substances  give  values  of  n  near  to  unity.  Thus,  an  ex- 
cellent specimen  of  long-leaf  yellow  pine,  under  compression,  follows 
a  straight  line  on  logarithmic  paper  with  remarkable  fidelity,  and  gives 
a  value  not  far  from  0.95.  Other  specimens  of  wood  show  greater 
diversrence;  thus,  a  piece  of  fir,  across  the  grain,  gave  n^O.85,  ap- 
proximately. 

Other  substances  show  still  great  divergences.     Thus,  a  specimen  of 
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Fig.  1 — Strength  Tests  of  Various  Materials 

cast  steel  gives  7i=0.74.  Two  specimens  of  cast  iron  give  0.69.  Sev- 
eral specimens  of  copper  give  a  set  of  remarkably  parallel  lines  that 
correspond  to  0.56.     A  specimen  of  sandstone  gives  0.80. 

A  case  that  is  worthy  of  mention  is  that  of  rope.  A  piece  of  manila 
rope  gives  a  very  good  line  for  w  =  1.94. 

The  behavior  of  concrete,  both  plain  and  reinforced,  is  very  remark- 
able. Evidently,  a  further  study  of  this  important  substance  is  de- 
sirable as  will  be  seen  if  an  attempt  is  made  to  draw  the  corresponding 
lines.  Throughout  long  ranges  of  values  the  pressures  and  compres- 
sions follow  a  straight  line  on  logarithmic  paper.  These  lines  take  sud- 
denly a  diflFerent  direction,  as  will  be  seen  in  a  most  pronounced  fashion 
if  even  a  hasty  sketch  is  made  of  the  test  in  Watertown  Report  1909, 
pp.  981-982,  in  the  range  from  1,000  lb.  to  4,400  lb.  per  sq.  in. 

Soil  Pressures.  From  an  article  by  J.  A.  Moyer  in  Engineering 
Record,  March  13,  1915,  is  taken  the  following: 
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To  develop  mathematical  formulae  useful  to  the  practical  designer 
of  culverts,  arches  and  subways,  investigations  of  the  vertical  pressures 
due  to  the  loading  of  sand  and  other  soils  on  such  structures  are  being 
conducted  by  the  Engineering  Experiment  Station  of  Pennsylvania 
State  College.  The  results  of  the  tests  thus  far  indicate  that  the  per 
cent  of  transmission  increases  with  the  increase  of  load,  that  for  depths 
of  earth  greater  than  2  ft.  this  per  cent  of  transmission  is  always  less 
than  20,  and  that  for  eccentric  loads  it  is  always  less  tlian  20  when  the 
loading  strip  is  not  over  any  part  of  the  weighing  strip.  The  loading 
was  carried  as  high  as  6  tons. 

The  apparatus  used  consisted  of  a  large  wooden  box,  6  x  12  ft.  sup- 
ported on  concrete  piers  by  means  of  I-be^ms  and  joists.  In  the  center 
of  the  floor  of  the  box  there  was  an  opening  12^/4  in.  square,  into  which 
the  weighing  strip  or  ^' block,"  measuring  12x12  in.,  was  placed.  The 
load  on  this  weighing  strip  was  supported  on  a  large  Standard  plat- 
form scales.  A  ^'restricting"  box,  containing  the  soil  tested  sur- 
rounded the  weighing  strip.  The  size  of  this  box  was  4^/^  x  dVs  x  5  ft. 
deep.  The  loads  were  applied  by  a  calibrated  hydraulic  jack,  exerting 
its  load  on  a  wooden  strip  12  x  12  x  ^¥2  in.,  which  rested  on  the  surface 
of  the  soil.  The  jack  was  blocked  up  so  that  it  acted  against  an  over- 
head I-beam.  The  tension  rods  were  threaded  to  permit  ready  adjust- 
ment of  the  height  of  the  beam  above  the  surface  of  the  soil  as  required 
for  the  various  depths. 

A  piece  of  canvas  was  spread  lightly  over  the  weighing  strip  to  pre- 
vent the  soil  from  running  through  the  ^/^-in.  spaces  between  the  weigh- 
ing strip'  and  the  box.  The  soil  was  shoveled  in  and  leveled  off  at  a 
certain  depth.  The  loading  strip  was  firmly  embedded  by  hand  pres- 
sure so  as  to  have  a  good  bearing  area.  The  jack  was  placed  in  position 
and  blocked  up  against  the  I-beam.  A  dead-load  reading  of  the  plat- 
form scale  was  taken  and  loads  were  applied  and  readings  of  the  scale 
beam  noted  for  various  loads  as  indicated  by  the  gage  up  to  the  capacity 
of  the  apparatus,  or  to  a  point  when  the  loading  block  sank  into  the 
soil  as  fast  as  the  load  was  applied.  The  difference  between  the  two 
scale  readings — before  and  after  applying  the  load — gave  the  amount  of 
pressure  transmitted  through  the  soil.  One  hundred  times  this  differ- 
ence divided  by  the  known  weight  of  the  load  determined  from  the 
calibration  curve  gave  the  percentage  of  the  load  transmitted  vertically 
through  the  soil.  The  distribution  of  this  transmitted  pressure  was 
readily  determined  by  varying  the  position  of  the  loading  strip.  To 
make  sure  that  the  loading  strip  would  sink  evenly  into  the  soil  great 
care  was  exercised  in  preventing  the  jack  from  getting  out  of  plumb. 
Whenever  uneven  sinking  occurred  the  test  was  discontinued  and  run 
over  again.  Throughout  all  the  tests  the  method  of  applying  the  load 
was  precisely  the  same  as  that  employed  in  calibrating  the  jack  and 
gage. 

A  series  of  tests  was  run  on  dry  sand  for  the  purpose  of  determining 
the  effect  of  the  size  of  the  '' restricting  box."  The  size  of  the  box 
used  for  this  purpose  in  previous  tests  was  3x4x4  ft.  deep.  In  the 
present  series  this  size  was  increased  to  the  larger  size  above  mentioned. 
Suitable  bracing  was  provided  in  order  to  prevent  the  sides  of  the  box 
from  bulging  when  large  pressures  were  used.     The  sand  used  in  these 
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experiments  was  the  same  as  that  used  in  the  former  experiments,  namely, 
clean,  dry  river  sand,  of  medium  sharpness — a  typical  brown  building 
sand.  The  following  depths  of  this  sand  were  tested :  3,  6,  12,  18,  24, 
36,  48  and  59  in.  For  each  depth  the  eccentricity  of  the  load  was 
varied  from  0  to  42  in.  both  right  and  left.  The  loads  were  applied 
in  increments  of  1,000  lb.,  as  indicated  by  the  gage  on  the  hydraulic 
jack,  up  to  the  point  where  the  loading  strip  sank  into  the  sand  as  fast 
as  the  load  was  applied.  As  determined  from  the  calibration  curve 
these  loads  varied  from  about  600  lb.  to  between  2,200  and  6,000  lb. 
according  to  the  depth  of  the  sand. 

The  curves  in  Fig.  2  show  the  distribution  of  the  vertical  component 
of  pressure  due  to  a  concentrated  load.  The  points  plotted  are  the 
averages  of  all  the  results  obtained  for  a  given  depth  of  sand  and  a 
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Fig.  2 — Per  Cent  of  Load  Transmitted  for  Different  Depths  of 

Sand 
Loads,  varying  from   1,400  to  5,500  lb.,  applied  on   12xl2-in. 
area;  weighing  area  12  x  12  in. 


given  eccentricity  of  load.  On  the  average  about  eight  observations 
are  represented  by  each  of  these  points.  The  calculated  percentages 
of  transmission  lie  for  the  most  part  well  within  10%  of  the  mean 
value,  as  in  the  previous  tests.  It  will  be  noted  that  as  before  there 
was  a  very  marked  change  in  the  per  cent  of  transmission  when  the 
eccentricity  of  the  load  was  equal  to  the  width  of  the  weighing  strip, 
and  at  this  point  the  maximum  value  was  13%.  For  greater  eccentrici- 
ties this  value  was  never  exceeded.  By  comparing  the  results  of  the 
present  tests  with  those  of  the  previous  ones  it  will  be  readily  seen  that 
the  size  of  the  restricting  box  does  not  make  any  appreciable  difference. 
The  maximum  bearing  power  of  the  sand  decreased  with  the  depth 
of  sand,  as  shown  in  Fig.  3,  the  plotted  points  in  the  curve  being  the 
averages  of  the  maximum  loads  that  could  be  applied  at  zero  eccentricity. 
This  was  possibly  due  to  the  fact  that  the  sand  had  more  opportunity 
to  flow  at  the  greater  depths.  Furthermore  there  was  a  distinct  tend- 
ency for  the  percentage  of  transmission  to  increase  as  greater  loads 
were  applied.  The  point  is  well  illustrated  in  Fig.  4.  Curve  A  shows 
the  maximum  values  for  sand  obtained  by  averaging  the  results  for  the 
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"two  highest  loads  that  were  applied.  These  loads  averaged  from  3,000 
to  5,000  lb.  per  sq.  ft.  Curve  B  shows  the  results  obtained  in  previous 
tests  under  the  same  conditions,  but  with  loads  up  to  300  lb.  per  square 
foot  only.  Similar  data  and  curves  are  given  for  a  clay  mixture  and 
for  loam,  together  with  the  conclusions  resulting  therefrom. 


Loads  applied  on  oreai2'xi2 
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Fig.   3 — Relation   Between  Maximum 
Bearing  Power  and  Depth  of  Sand 
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Fig.  4 — Per  Cent  Transmission  in  Sand 
for  High  and  Low  Pressures 


Test  Concrete  Under  Freezing  Conditions.  Under  this  title  En- 
gineerifig  Record,  July  15,  1916,  published  an  article  from  which  is 
quoted  the  following: 

Pouring:  of  the  floor  slabs  between  steel  beams  in  the  Philadelphia 
Electric  Power  House,  had  to  be  continued  during  the  cold  winter 
weather.  While  no  concrete  was  poured  during  freezing  weather,  the 
temperature  was  frequently  much  below  freezing  for  a  long  period  after 
pouring.  In  fact  there  were  times  when  the  water  froze  in  icicles  be- 
low the  slabs  on  the  day  after  pouring. 

Although  the  materials  were  all  heated  before  pouring  (steam  coils 
being  used  for  the  sand  and  gravel),  so  that  the  concrete  probably  had 
some  time  to  set  before  reaching  the  freezing  temperature,  it  was  de- 
sired to  make  certain  that  the  strength  was  sufficient  before  removing 
the  forms.  For  this  purpose  a  schedule  was  prepared  for  the  various 
parts  of  the  work,  with  greater  time  requirements  as  the  length  of  span 
increased.  This  schedule  was  made  by  counting  only  the  hours  that 
the  concrete  had  cured  above  a  temperaure  of  32  deg. 

In  addition  6-in.  test  cubes  were  poured  from  the  concrete  going  into 
the  floor  and  exposed  to  the  same  temperature  conditions  as  the  slab 
they  represented.  These  cubes  were  tested  in  the  laboratory,  and  if 
the  strength  exceeded  800  to  1,000  lb.  per  square  inch  the  forms  could 
be  removed,  provided  there  was  not  too  much  evidence  of  frost  in  the 
structure,  and  provided  the  floor  was  not  loaded  with  material  or  by 
shores  from  above. 

Fig.  5  shows  the  results  of  tests  of  both  laboratory  and  field  specimens. 
For  the  latter  the  results  are  plotted  in  terms  of  number  of  hours  above 
32  deg.,  the  actual  age  being  noted  only  in  a  few  special  cases.  For 
example,  one  cube  14  days  old,  but  with  only  60  hrs.  above  32  deg., 
failed  at  250  lbs.  per  sq.  in.,  and  one  cube  20  days  old,  almost  half  of 
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that  time  at  a  temperature  below  freezing,  failed  at  a  unit  load  lessi 
than  600  lbs.  In  general  the  results  plotted  on  this  basis  of  time  above 
32  deg.  fall  within  the  approximate  curves  drawn  on  the  diagram  for 
limits  found  by  testing  the  standard  laboratory  cylinders  kept  at  a. 
temperature  of  70  deg.  In  comparing  results,  however,  it  should  be 
noted  that  cubes  should  give  higher  results  than  the  standard  cylinders.. 
Furthermore  the  cubes  cast  on  the  work  had  the  advantage  of  the- 
beneficial  effect  of  the  heating  of  the  materials  and  of  machine  mixing.. 
The  comparison  between  the  strength  of  1:2:4  concrete  made  of 
pebbles  and  similar  concrete  made  of  crushed  stone  shows  no  consistent, 
advantage  either  way,  although  the  cylinders  made  with  pebbles  gave* 
slightly  better  results.     This  was  probably  due  to  the  fact  that  these 
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pebbles  were  almost  pure  quartz,  with  some  of  granular  quartz  forma- 
tion and  some  of  dense  sandstone. 

The  test  results  for  the  specimens  cast  on  the  work  in  which  5%  of 
bydrated  lime  had  been  used  are  seen  to  be  variable,  no  noticeable  effects 
on  strength  being  obtained.  It  was  thought  that  a  careful  bedding  of 
the  ends  of  the  test  cylinders  in  the  testing  machine  might  produce  bet- 
ter results,  but,  as  the  plotted  points-  show,  there  seems  to  be  no  definite 
advantage. 

It  may  be  inferred  from  these  test  results  that  a  satisfactory  and 
reliable  method  of  estimating  the  strength  of  concrete  cured  under 
freezing  conditions  is  to  consider  the  age  to  be  the  same  as  the  number 
of  hours  of  temperature  above  32  deg.,  or  preferably  above  35  deg. 
Thus,  knowing  the  approximate  strength,  it  is  possible  to  determine 
when  it  is  safe  to  remove  the  forms. 
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Artificial  Light  for  Hens.  The  following  is  a  very  short  abstract 
from  an  article  by  Prof.  J.  E.  Rice,  published  in  The  Country  Gentle- 
man, June  7,  1919,  telling  about  the  results  of  tests  of  the  use  of  artificial 
light  to  control  egg  production.  Fig.  6  shows  the  comparative  yield  un- 
der ordinary  conditions  and  by  the  use  of  electric  lights. 

Our  tests  at  Cornell,  as  well  as  surveys  of  many  flocks  scattered 
through  New  York  State  and  elsewhere,  have  proved  beyond  all  doubt 
that  not  only  egg  yield  but  net  profit  has  been  greatly  increased.  Ac- 
curate records  on  100  S.  C.  White  Leghorn  hens  and  pullets  in  equal 
numbers  showed  that  for  a  period  of  forty-eight  weeks  the  net  gain  in 
production  was  135.37  doz.  eggs,  which  represented  a  gain  in  value 
of  $71.88.  With  these  birds  lights  were  used  from  twilight  to  nine 
P.  M.     The  gain  in  production  lasted  from  November  28,  through  the 
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winter  until  March  19.  There  was  a  decrease  in  production  from 
March  20  to  August  6.  From  August  to  November  there  was  a  gain 
by  the  flocks  under  lights.  The  total  gain  of  the  birds  under  artificial 
light  as  compared  with  the  birds  without  lights  was  212.90  doz.  against 
a  loss  of  77.53  doz.,  leaving  the  net  gain  of  135.37  doz.  Very  much 
larger  gains  have  been  secured  for  several  months  in  succession  on  pri- 
vate flocks.  The  left  hand  portion  of  Fig.  6  shows  the  average  length 
of  Daylight  for  a  Year  in  New  York  State  with  the  average  egg  produc- 
tion for  various  months.  Note  how  yield  increases  with  the  length  of 
day. 

The  right-hand  part  shows  how  by  the  use  of  lights  the  light  period 
is  extended  to  9  P.  M.  Note  how  the  egg  yield  is  spread  through  the 
year  and  increased  in  the  winter  months,  when  the  yield  is  very  low 
without  lights. 

Light  Distribution.  For  plotting  the  results  of  luminosity  tests  polar 
paper  is  best  adapted,  as  the  intensity  at  different  angles  may  be  readily 
shown.     Fig.    7    illustrates   the   maximum   and   minimum   distribution 
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curves  for  reflector  for  lighting  units  placed  at  approach  to  apex  of 
hump  of  a  railroad  classification  yard,  candle  power  values  for  35  ft. 
mounting  height.     This  is  from  Railway  Review,  November  25,  1916. 

Tests  of  Efficiency  of  Train  and  Team  Drawn  Dump  Wagons.  As 
a  result  of  an  investigation  made  by  R.  T.  Dana  for  the  Troy  Wagon 
Works  Company  to  determine  the  relative  costs  of  operation  of  re- 
versible dump  wagons  handled  in  trains  and  team  dump  wagons.  Fig. 
S  was  plotted. 

The  operation  of  the  Troy  reversible  dump  wagons  of  3  cu. 
capacity  was  compared  with  that  of  team  dump  wagons  of  V^  cu. 
capacity  on  four  road  construction  jobs,  under  various  conditions. 
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Fig.  7 

haulage  costs  per  ton  in  cents  up  to  3%  miles  haul  were  deduced  from 
the  following  formulas  in  which  C  =  total  expense  per  day ;  t  =  the 
rated  capacity ;  S  =  the  average  speed  loaded ;  K  =  ratio  of  the  speed 
light  to  the  speed  loaded;  KS  =  the  average  speed  returning;  Lc=the 
time  lost  in  loading,  unloading,  turning,  resting  and  wasted  for  an 
average  round  trip ;  R  =  the  total  cost  per  ton  for  transportation,  and 
W  =  the  number  of  minutes  or  hours  in  the  working  day. 

(1)  D/S^  time  for  loading  trip. 

(2)  D/KS  =  time  returning. 

(3)  Combining  with  L  (above)  and  factoring: 

T  =  D/8   {l-\-l/K)  -|- L  =  average  time  for  round  trip. 

(4)  N  =  W'/T  =  average  number  of  round  trips  per  day.  The  value 
must  be  a  whole  number  for  average  work  for  any  one  day. 

(5)  iV^  =  average  total  amount  transported  per  day. 

(6)  R  =  C/Nt  =  cost  of  transportation  per  pound  or  per  ton. 

C  depends  so  largely  on  the  prevailing  price  of  teams  that  it  will  vary 
according  to  locality. 

Studying  the  curves  it  will  be  noted  that  wide  savings  are  effected 
by  the  train  (indicated  by  the  solid  line)  over  the  teams  (indicated  by 
the  dotted  line)  in  the  longer  hauls,  as,  for  instance,  assuming  a  haulage 
of  crushed  stone  in  a  six-wagon  train  (or  40,000  lbs.  per  load),  and  in 
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a  two-horse  bottom  dump  wagon  train  (or  4,000  lbs.)  for  two  miles, 
indicates  a  cost  of  20  cts.  per  ton  and  4c6}^  cts.  per  ton  respectively. 
But  it  will  be  seen  that  the  curves  cross  at  about  1,500  ft.,  showing  that 
the  teams  are  cheaper  than  the  train  for  short  hauls.  The  reason  for 
the  curves  crossing  lies  in  the  proportion  of  lost  time,  L,  to  the  actual 
time  of  hauling.  All  measures  of  efficiency  are  based  on  delivery,  de- 
livery being  directly  proportional  to  a  combination  of  the  average  speed 
and  capacity  of  the  outfit,  and  the  average  speed  depending  upon  the 
proportion  of  lost  time  to  the  actual  time  of  hauling. 

It  is  recognized  by  truck  users,  and  even  by  truck  manufacturers, 
that  the  motor  truck  for  short  hauls  is  not  practical  and  exhaustive 
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Wagons 


tests  show  that  it  is  not  due  to  lack  of  economy  in  the  operation  of  the 
truck.  The  lost  time  which  affects  the  rate  of  delivery  so  largely  must^ 
therefore,  be  responsible. 

This  kind  of  test  is  applicable  to  all  methods  of  transportation  and 
.from  the  author's  experience  is  the  only  certain  method  of  finding  out 
what  is  the  most  economical  performance.  Por  example,  upon  a  cer- 
tain large  grading  job  the  work  was  being  done  with  Fresno  and  wheel 
scrapers.  The  superintendent  was  a  man  of  wide  experience  in  this 
sort  of  work.  But  could  he  tell  what  was  the  most  economical  num- 
ber of  scrapers  for  a  given  haul,  or  could  he  tell  at  what  haul  one  type 
of  scraper  should  be  substituted  for  the  other?     He  could  not,  as  was 
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evidenced  by  the  fact  that  several  times,  when,  governed  by  the  idea 
that  the  more  scrapers  he  had  working  the  more  material  he  could 
handle,  it  was  found  by  test  that  it  actually  cost  less  in  cents  per  cubic 
yard  and  more  material  was  moved,  by  taking  off  one  or  more  scrapers. 
By  tests  it  was  determined  what  were  the  economical  hauls  for  each 
type  of  scraper  and  the  economical  number  of  scrapers  for  each  haul. 

Traffic  Census.  In  an  article  published  in  Engineering  News,  Nov- 
ember 2,  1916,  Wm.  Holden  describes  the  methods,  forms,  etc.,  used 
by  the  City  of  St.  Louis  in  making  a  traffic  census.  With  respect  to 
charts  he  says :  In  order  to  present  the  traffic  data  a  little  more  clearly, 
traffic  charts  were   plotted   as   follows:    (1)  Average   traffic   for   each 
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street  in  the  downtown  district;   (2)  maximum  traffic  for  intersections 
in  the  downtown  district;  and  (3)  traffic  of  the  congested  district. 

The  Average  Traffic  charts  show  the  average  number  of  vehicles  per 
hour  (sum  of  both  directions)  and  vehicles  plus  street  cars  in  each 
block  observed  on  the  street  under  consideration.  On  these  charts,  as 
on  Maximum  Traffic  charts,  black  lines  represent  total  vehicles  and  the 
shaded  lines  represent  total  vehicles  and  street  cars  combined.  On  the 
Average  Traffic  charts  (Fig.  9)  the  horizontal  base  represents  the  street, 
divided  into  blocks  by  the  vertical  lines  representing  the  intersecting 
streets.  The  vertical  dimension  is  ruled  off  into  1-in.  spaces  which  rep- 
resent 40,  60  or  100  vehicles  (or  vehicles  and  street  cars),  depending  on 
the  scale  used,  which  varied  in  accordance  with  the  amount  of  traffic 
carried.  The  average  number  of  vehicles  per  hour  (total  of  all  classes) 
for  each  block  was  plotted  in  the  middle  of  the  section  r-^presenting  that 
block  on  the  chart.     These  points  were  connected  hy  lines.     The  com- 
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l)ined  number  of  vehicles  and  street  cars  Was  platted  for  each  block, 
and  the  points  were  connected  with  a  shaded  line.  From  the  Average 
Traffic  charts  the  fluctuation  of  traffic  per  hour  in  different  blocks  can 
readily  be  seen.  On  account  of  their  effect  on  the  volume  of  traffic 
there  are  also  shown  width  of  roadway,  kind  of  pavement  and  number 
-of  car  tracks  on  the  Average  Traffic  chart  of  each  street. 

The  Maximum  Traffic  chart,  Fig.  10,  for  each  street  shows  the  num- 
iber  of  vehicles  and  vehicles  plus  street  cars  crossing  each  intersection 

MAXIMUM   TKArrtc  Chart  ron  BfotoWAY 

COMP«*i)ON   or  Condition}  iH  1)1)  l4aiS 
^  OtrtKTvilNT        or       jrwecr^ 

«  CM   T-AuBCHT   OKfCTOe 


w> 

« 

no 

tECENO 
nurric  tr  i«Tt«»tcTK)i«-Tor*t  *  Dnicno* 
t9l5MBB  l«Clul)l*ib'«fltC«i««Oi 

720 

•^ 

K\ 

Courr-lilliMiiOt 
Coirt'u>l9Mujii)( 

m  Ocroac* 
l*  No.fuBf* 

tio 

i 

/ 

x,^ 

• 

, 

Tiivns  ixo^n m Mjiiimvm rot  H»tm 

»00 

. 

\ 

/^ 

=^^2^2^ j> 

^^X'^V 

J40 

r\ 

w 

'^'^4,y^^ 

I 

4  6» 

ikN 

0 

/  \ 

y4 

'     ^^fes.        « 

4  to 

i> 

< 

> 

^^;>Ov 

r^x 

\^ 

•  »♦«>                   4. 

^ 

11-"^ 

^          1 

\\ 

a 

.  JOO                       1 

ll    1 

1 

\ 

.r4o                 1 

1 

1 

1 

1 
1 

1 

s 

1 

1 

V 

.to                  1 

1 

1 

1 

1 

% 

1 
1 

1 

i 

1 
1 

1 
1 

«-> 

1 

."1 

i 

1- 
0 

■> 

u 

? 

a. 

10 
5 

5 

Fig.   10 — Maximum  Hour-Traffic  Chart 


on  the  street  during  the  maximum  hour  from  all  four  directions.  The 
horizontal  base  line  represents  the  street  under  consideration,  and  the 
vertical  lines  represent  the  cross-streets.  The  total  number  of  vehicles 
during  the  maximum  hour  for  each  intersection  is  platted  on  the  proper 
vertical  line  representing  the  cross-street.  The  relative  volumes  of 
traffic  at  the  different  intersections,  as  well  as  that  of  the  1914  census, 
are  readily  compared  from  these  charts. 

A  Traffic  Chart  of  the  Congested  District  (1915)  shows  the  average 
number  of  vehicles  per  hour  (totaling  both  directions)  for  each  block 
•of  every  street  observed  in  the  1915  census.  The  vehicles  are  platted  to  a 
scale  of  1,000  =  1  in.  in  width  on  a  map  of  the  territory  drawn  to  a 
scale  of  200  ft.^1  in.     Thus  by  comparing  the  relative  widths  of  the 
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black  lines  representing  traffic  we  see  at  a  glance  the  comparative  vol- 
umes of  traffic  on  different  streets  and  different  parts  of  the  same  street. 

Rail  Wear.  Electric  Railway  Journal,  June  26,  1915,  describes  tests 
made  in  Chicago,  as  follows: 

To  determine  the  extent  to  which  vehicle  traffic  is  responsible  for  the 
wear  of  rails,  a  large  number  of  observations  were  made  at  different 
points  of  the  system.  The  results  are  thoroughly  consistent  and  are 
shown  in  Fig.  11,  in  which  the  relative  portions  of  wear  from  cars  and- 
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vehicles  are  shown  for  varying  average  headway  of  cars  along  the  street.. 
This  diagram  shows  that  even  on  a  line  with  a  great  deal  of  railway 
traffic,  such  as  40  cars  per  hr.  for  a  24  hr.  day,  vehicle  wear  may  amount 
to  as  much  as  half  of  the  total  wear  on  the  rail  head,  thus  reducing 
the  life  of  the  rail  by  a  corresponding  amount.  Other  measurements, 
taken  on  short  sections  of  track  where  the  rail  was  not  subject  to  any 
vehicle  wear  but  carried  a  large  car  traffic,  showed  a  wear  no  greater 
than  that  on  streets,  with  only  half  the  car  traffic  but  with  heavy  team 
traffic. 

Gasoline  Engine  Test.  A  letter  from  R.  S.  Hawley  to  Power,  printed 
April  6,  1915,  describes  a  brake  test  on  a  gasoline  engine. 

Fig.  12  shows  the  results  of  a  brake  test  on  a  10-hp.  gasoline  engine, 
made  to  determipe  the  cost  per  brake  horsepower  per  hour  under  dif- 
ferent loads  and,  incidentally,  the  regulation  under  these  loads.  The 
gasoline  pump  was  disconnected  and  the  gasoline  was  fed  to  the  vaporizer 
by  gravity  from  a  5-gal.  can  provided  with  a  nipple  and  cock ;  the  flow 
being  regulated  so  that  only  a  small  amount  appeared  at  the  overflow. 
This  was  collected  and  poured  back  into  the  supply  can,  which  was 
weighed  at  the  beginning  and  at  the  end  of  each  run.  The  revolutions 
per  minute  were  taken  almost  continuously  by  speed  indicators  and  the 
average  readings  were  used  in  the  calculations.  Each  run  was  of  30 
min.  duration,  which,  although  not  long  enough  to  obtain  extremely 
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accurate  results,  was  sufficiently  accurate  for  the  purpose.     The  cost  is 
based  on  gasoline  at  15  cts.  per  gal. 

Friction  of  Lineshaft  Beamings.    Power,  March  10,  1914,  printed  the 
following : 
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In  a  paper  read  before  the  A.  S.  M.  E.,  by  Carl  C.  Thomas,  E.  R. 
Maurer  and  L.  E.  A.  Kelso,  some  interesting  data  were  given  on  the 
absolute  and  relative  power  required  to  drive  a  specially  constructed 
series  of  shafts,  flexibly  connected  and  carrying  loads  uniformly  dis- 
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Fig.  13 — Power  Consumed  by  Friction;   Bearings  at  100  Deg.  F. 


iributed,  when  the  shafts  were  supported  successively  by  20  ring-oiled 
babbitt  bearings,  then  by  20  roller  bearings,  and  finally  by  20  ball 
l)earings.  Wide  ranges  of  loads  and  speeds  were  covered  and  the  co- 
•efficients  of  friction  were  worked  out  for  each  type  of  bearing. 
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The  apparatus,  which  was  designed  and  built  in  the  department  of 
steam  and  gas  engineering  at  the  University  of  Wisconsin,  consisted  of 
25  ft.  10  in.  of  line-shafting  in  five  equal  sections,  mounted  in  hangers 
which  were  inverted  and  used  as  floor  stands.  The  hangers  were  bolted 
to  two  8-in.  I-beams  which  were  leveled  on  the  floor,  and  the  shafts 
were  of  cold-rolled  steel,  2Vi«  in.  in  diameter.  Each  section  was  5  ft. 
2  in.  long;  the  adjacent  sections  were  coupled  together  by  means  of  a 
flexible  leather  disk  or  two  straps  connecting  the  two  flange  couplings. 
The  flexible  couplings  prevented  transmitting  any  part  of  the  load  ap- 
plied on  one  shaft  to  either  adjoining  section  and  binding  between 
shafts  and  bearings  due  to  possible  lack  of  alignment.  A  direct-current 
Fort  Wayne  motor  was  directly  connected  to  one  end  of  the  shafting 
by  means  of  a  flexible  coupling. 

The  three  kinds  of  bearings  tested  were  the  Hess-Bright  ball  bearing,. 
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Fig.  14 — Coefficients  of  Friction;   Bearings  at 
100  Deg.  F. 

the  ring-oiled  babbitt  bearing  made  by  the  Dodge  iManufacturing  Co. 
and  the  Hyatt  roller  bearing.  All  bearings  were  for  the  same  size  of 
shaft,  and  the  same  pieces  of  shafting  were  used  for  all  the  tests.  The 
babbitt  bearing  was  9^^i2  in.  long  and  its  projected  area  22.36  sq.in. 
Each  roller  bearing  contained  six  right-hand  and  six  left-hand  rollers 
0.78  in.  in  diameter;  six  were  9^/i«  in.  and  six  were  Oyio  in.  long.  The 
bearings  were  of  the  type  in  which  a  cage  is  used  for  holding  one-half 
the  rollers.  Each  ball  bearing  contained  a  single  set  of  balls  %6  in. 
in  diameter.  The  diameter  in  the  inner  race  through  the  ball  groove 
was  3.4729  in. 

In  the  tests  the  .speeds  were  between  150  and  450  r.p.m.,  correspond- 
ing respectively  to  about  100  and  300  ft.  per  min.  peripheral  speed.  Most 
of  the  loads  were  between  700  and  1800  lb.  per  bearing,  corresponding 
to  about  30  and  80  lb.  per  sq.  in.  for  the  babi)itt  bearing. 

Fig.  13  shows  a  comparison  of  the  babbitt,  roller  and  ball  bearings 
for  100°.  Each  curve  gives  the  power  required  per  bearing  to  run  the 
shaft  under  the  load  and  speed  indicated.  The  power  for  the  babbitt 
is  seen  to  be  higher  than  for  the  other  bearings  except  perhaps  at  low 
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loads  and  speed,  and  that  the  power  for  rollers  is  higher  than  that  for 
balls.  The  excess  of  power  for  babbitt  over  rollers  and  rollers  over 
balls  increases  with  the  increase  of  speed  for  all  loads. 

Fig.  14  presents  the  comparison  in  another  way;  the  ordinates  are 
coefficients  of  friction  instead  of  power  as  in  the  preceding  figure. 

A  series  of  curves  were  presented  to  show  how  the  coefficients  for 
babbitt,  roller  and  ball  bearings  change  with  the  time  after  starting. 
In  each  case  the  coefficient,  and  hence  the  power,  decreased  rapidly  at 
first.  For  the  babbitt  bearing  there  is  a  marked  difference  between  the 
average  coefficient  for  the  first  and  for  the  second  hour;  this  difference 
is  less  marked  with  the  roller  bearing  and  still  less  with  the  ball  bear- 
ing. 

Fig.  15  shows  the  rise  in  temperature  for  the  different  kinds  of  bear- 
ing under  practically  identical  conditions.  Curve  A  is  for  babbitt 
bearings  under  a  load  of  1230  lb.  per  bearing,  curve  B  is  for  roller 
bearings  under  1240  lb.,  curve   C  for  roller  bearings  under  1740  lb. 
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and  curve  D  for  ball  bearings  under  1710  lb.  In  the  tests  represented 
by  curves  A  and  B,  the  speed  was  350  r.p.m.,  and  the  room  temperature 
80  to  81  deg. ;  in  those  resulting  in  curves  C  and  B  the  speed  was  45Q 
r.p.m.  and  the  room  temperature  78  to  80  deg. 

Breakdown  tests  were  run  on  each  type  of  bearing  with  only  one 
section  of  shafting  on  which  were  four  bearings.  The  maximum  load 
was  about  5000  lb.  per  bearing.  A  speed  of  200  r.p.m.  was  chosen 
because  it  represents  about  the  average  lineshaft  speed  in  practice. 
The  tests  began  at  about  3200  lb.  per  bearing.  Failure  occurred  at  about 
4250  lb.  per  bearing  in  the  case  of  the  babbitt,  4650  lb.  of  the  ball  bearing 
and  about  5100  lb.  of  the  roller  bearing.  The  bearings  did  not  fail 
structurally  as  the  power  was  cut  off  soon  after  distress  was  manifested, 
but  the  failure  was  simply  that  of  the  lubricant.  The  authors  also 
told  how  the  methods  of  testing  were  developed  and  in  an  appendix 
gave  diagrams  of  motor  losses  and  graphical  logs  of  tests. 

Following  is  a  list  of  articles  containing  further  illustrations  of 
the  use  of  graphic  charts  of  the  class  discussed  in  this  chapter  and 
pertaining  to  kindred  subjects. 

Upon  request,  the  Codex  Book  Company,  Inc.,  19  William  Street, 
New  York,  will  be  glad  to  procure,  where  possible,  copies  of  magazines. 
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containing  the  articles  needed,  only  charging  the  ''old  magazine"  price, 
plus  postage. 

**The  Heat  Insulating  Properties  of  Commercial  Steam  Pipe  Cover- 
ings," L.  M.  McMillan,  Heating  and  Ventilating ^  Jan.,  1916. 

''Direct-Current  vs.  Alternating-Current  for  Cable  Testing,"  Electrical 
World,  August  12,  1916. 

"Characteristics  of  Iron  Wire  for  Transmission  Purposes,"  L.  W.  W. 
Morrison,  Electrical  World,  July  14,  1917. 

"Factors  That  Determine  Economical  Life  of  Transformers,"  Theo- 
dore B.  ^Morgan,  Electrical  World,  Jan.  13,  1917. 
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CHAPTER  XV 
Trends,  Tendencies  and  Statistical  Prediction 

In  this  chapter  are  presented  several  examples  of  how  to  use  charts 
to  show  trends  and  tendencies  such  as  prices,  design,  etc.  The  value 
of  such  data  invariably  lies  in  the  means  which  they  afford  for  the 
prediction  of  future  events.  At  best  such  methods  are  bound  to  be 
approximations  and  their  value  is  enhanced  in  just  the  degree  that 
good  judgment  and  experience  are  employed  in  connection  with  them. 
By  the  use  of  charts,  however,  a  method  of  looking  into  the  future 
is  afforded  which  is  of  the  greatest  help  and  value. 

Trend  of  Bond  and  Stock  Markets.  Figs.  1  and  2  are  examples  of 
charts  published  from  time  to  time  by  the  financial  department  of  the 
New  York  Tribune  to  show  the  course  of  the  bond  and  stock  markets 
in  New  York  over  a  considerable  period.     Such  charts  are  particularly 


Fig.  1 — Price  Trend  of  New  York  Bond  Market 

interesting  to  those  holders  of  securities  who,  owing  to  their  isolated 
locations,  are  not  in  close  touch  with  the  New  York  market  and  daily 
quotations.  The  points  plotted  are  for  the  first  business  day  of  each 
month.  For  such  charts  the  12  by  20  divisions  per  inch  paper  is  de- 
signed. 

Prices  of  Commodities.  An  illustration  of  what  an  excellent  picture 
one  may  obtain  of  the  fluctuations  and  trends  of  prices  of  commodities 
is  given  by  Fig.  3.  This  is  reproduced  from  the  Iron  Trade  Review, 
January  4,  1017. 

Trends  in  Design  and  Manufacture.  Fig.  4  is  a  good  example  of 
trends  in  design  and  manufacture.  These  curves  are  especially  in- 
teresting to  a  prospective  purchaser,  and  would  also  be  of  inestimable 
value  to  one  about  to  start  business  along  that  line.  This  chart  is  from 
Automotive  Industries,  January  3,  1918,  and  they  explain  that  con- 
sidering all  the  chassis  listed  without  regard  to  the  output  of  each 
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maker  the  averages  deduced  are  averages  of  engineering  opinion;  and 
it  is  this  which  such  analyses  seek  to  discover.  An  analysis  by  produc- 
tion would  throw  into  absurd  prominence  the  features  of  a  very  few 
cars  which  happen  to  be  very  cheap  to  be  made  in  huge  amounts. 

Membership  Trends.  Fig.  5,  taken  from  a  report  of  the  American 
Institute  of  Mining  Engineers,  shows  the  tendency  of  membership  in- 
crease for  the  four  large  engineering  societies. 

Steel  Prices  Reflect  Demand.  A  letter  from  Dan  Patch  to  Engineer- 
ing Record,  February  24,  1917,  states  that  he  has  just  completed  an 
investigation  of  steel  prices  for  the  information  of  the  buying  staff  of 
the  company  with  which  he  is  connected.  Fig.  6  indicates  that  steel 
prices  show  a  suspicious  tendency  to  follow  closely  the  old  law  of  supply 


Fig.  2— Price  Trend  of  New  York  Stock  Market 

and  demand.  The  dashed  line  was  made  by  plotting  the  monthly  balance 
of  unfilled  orders  published  by  the  United  States  Steel  Corporation, 
which  is  taken  as  a  fair  barometer  of  the  demand  for  steel.  The  solid 
line  is  a  curve  showing  the  prices  per  100  lbs.  quoted  on  corresponding 
dates  for  steel  bars,  f.o.b.  Pittsburgh. 

Business  Death  Rate.  A  short  portion  of  an  article  by  S.  A.  Dennis, 
''When  Will  My  Business  Die?"  published  in  %s^em,  October,  1917, 
shows  a  method  of  gathering  and  arranging  statistics  to  give  tendencies 
— in  this  instance  whether  the  death  rate  of  business  concerns  in  the 
locality  investigated  is  increasing  or  decreasing.  This  is  cited  merely  as 
an  illustration  of  a  method  of  analysis  applicable  to  an  almost  endless 
variety  of  cases. 

Insurance  men  know  a  great  deal  about  how  fast  human  beings  die. 
Business  men,  however,  know  next  to  nothing  about  the  business  death 
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rate.  Yet  the  two  subjects  are  analogous — and  for  business  men  the 
business  death  rate  is  surely  as  important  as  the  human  death  rate  is 
for  insurance  men. 

The  human  death  rate  tells  how  many  persons  for  each  100  of  popu- 
lation will  on  the  average  die  each  year.  It  shows  more  or  less  ac- 
curately how  many  people  will  die  of  each  principal  disease.  The 
causes  behind  these  diseases  are  of  course  well  understood  in  many  in- 
stances. Records  being  cojnpiled  each  day  indicate  whether  the  human 
death  rate  is  increasing  or  decreasing.  If  it  is  increasing,  the  causes 
are  often  easily  determined — and  once  the  causes  are  determined,  it  is 
usually  not  difficult  to  apply  a  remedy.  Certain  diseases  that  used 
to  cause  epidemics  are  today  almost  never  heard  of,  simply  because 
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Fig.   4 — Trends  of  the  American  Automobile  for   8   Years,   Showing  Variations  of 
Most  Important  Factors  in  Design  and  Manufacture 
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medical  men  have  learned  the  causes  and  the  remedies;  and  that  has 
made  the  world  a  much  healthier  place. 

Does  it  not  seem  lop:ical  to  suppose  that  in  almost  the  same  manner 
a  great  work  can  be  done  for  business?  In  other  words,  if  we  knew 
more  or  less  accurately  how  fast  concerns  die,  the  common  causes  behind 
such  failures,  and  the  methods  most  effective  in  fighting  them,  we  would 
surely  be  forearmed  in  an  important  way. 
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Fig.  4— Trends  of  the  American   Automobile  for   8   Years,   Showing  Variations  of 
Most  Important  Factors  in  Design  and  Manufacture 
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Naturally,  the  first  facts  to  know  are:  (1)  how  fast  do  businesses 
die?  and  (2)  what  are  the  diseases  to  which  they  are  most  commonly 
subject? 

In  an  investigation  made  by  System's  Bureau  of  Business  Standards 
a  typical  city  was  selected — a  city  that  possesses  what  it  does  largely 
because  of  a  good  fight  and  not  because  of  an  unusually  favorable  loca- 
tion or  some  other  peculiar  gift  of  nature. 

The  death  rate  figures  obtained  from  this  survey  into  30  years  of 
the  business  history  of  this  city  could  doubtless  be  duplicated  in  almost 
any  American  community  of  equal  size.  Many  similar  communities 
could  be  even  found,  indeed,  in  which  the  business  death  rate  would 
probably  be  much  higher.  And,  on  the  other  hand,  it  is  quite  probable 
that  communities  could  be  found  in  which  it  would  be  lower. 
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Fig.   6 — Price  of  Bars  Fluctuates  with   Steel  Corporation' 
Unfilled  Tonnage 


The  figures  are  not  decisive  or  absolute.  They  are  indicative  only,. 
and  no  further  claim  is  made  for  them.  They  have  been  established 
with  sufficient  accuracy,  however,  to  give  them  a  laboratory  value  in 
the  study  of  the  business  death  rate.  i 

What  the.se  figures  show  is  how  many  and  how  fast  concerns  are 
dying  today  in  a  typical  American  community.  Also,  they  indicate 
whether  or  not  concerns  are  dying  faster  today  than  they  did  25  or 
30  years  ago.  Fig.  7  is  but  one  illustration  from  the  many  cited  in  the 
article. 

Predicting  Yearly  Earnings.  From  a  letter,  by  Henry  Hess  to  the 
editor  of  Mechanical  Enaineerinq,  February,  1919,  is  taken  the  follow- 
ing : — 

The  executive  whether  he  deal  with  materials  or  dollars,  is  not  satis- 
fied with  a  mere  record  of  what  has  occurred  in  the  past,  but  he  wants 
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to  use  the  past  experience  as  a  basis  for  consideration  or  production 
of  the  future.  It  is  possible  to  extend  a  curve  of  monthly  fluctuations 
to  indicate  a  future  probability,  but  this  is  neither  safe  nor  simple. 

Plotting  the  data  as  in  Fig.  8  answers  every  question  as  to  the  past 
and  also  readily  predicts  the  probabilities  of  the  future. 

To  deal  with  something  concrete,  let  us  say  that  it  is  the  profits  of 
the  business  that  are  being  examined,  that  these  are  being  ascertained 
monthly,  that  the  corresponding  result  for  the  year  is  desired  and  that 
the  prediction  is  to  be  brought  up  to  date  or  corrected  each  month. 
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Fig.  7 — How  Fast  Three  "Generations"  of  Retail  Clothing 
Stores  Died 


In  Fig.  8  each  month's  earnings  are  plotted  to  a  curve,  the  lower 
one  shown. 

Over  each  month  there  is  plotted  the  total  profit  to  date.  For  in- 
stance, January  shows  $250,  February,  $300,  and  the  total  therefore 
to  date  is  $550.     These  are  shown  by  the  upper  solid  curve. 

To  predict  the  probable  profit  for  the  year  it  is  only  necessary  to  draw 
a  line  from  zero  through  the  total  earnings  to  date  and  to  continue 
that  line  to  the  twelfth  month;  for  example,  the  total  profit  by  the 
end  of  the  fourth  month  was  $1150;  the  projection  shows  $3450  as  the 
probable  rate  of  profit  for  the  year  resulting  from  the  first  four  months. 
An  examination  of  the  diagram  shows  that  there  is  an  improvement  in 
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the  second  and  third  months  over  the  first  month  and  an  improvement 
in  rate  by  the  end  of  the  fourth  month  over  the  previous  months.  By 
the  eighth  month,  however,  the  rate  had  fallen  off  from  that  of  the 
fifth,  sixth  and  seventh  months,  as  is  clear  from  the  production  line 
for  the  eighth  month  falling  below  that  of  these  previous  three  months. 
The  ninth  month,  however,  showed  clearly  an  improvement  in  the  rate 
to  date. 

The  inclination  of  the  lines  giving  the  totals  of  each  month  also  fur- 
nishes useful  data.  It  is  clear  that  if  these  lines  all  have  the  same 
slope,  the  increase  from  month  to  month  is  then  equal.  A  lesser  angle 
shows  a  decrease  in  monthly  earnings  and  a  greater  angle  shows  an 
increase  in  monthl}^  earnings. 

The  most  useful  element  of  this  form  of  plot,  however,  is  the  pro- 
jection into  the  future  and  the  ability  that  it  gives  to  instantaneously 
correct  the  indications  of  previous  periods  by  the  result  of  the  last 
period. 
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Fig.  8 — Diagram  for  Predicting  Yearly 
Earnings  from  Earnings  for  Part  of 
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Fig.  9 — Moore  Expectancy  Population 
Curve 


Probable  Population.  In  Engineering  News^  November  2,  1916,  Geo. 
H.  Moore  had  the  following: — 

What  the  author  has  named  the  Moore  expectancy  curve  is  a  graph- 
ical representation  of  the  population  a  city  may  be  expected  to  have 
after  any  given  elapsed  time  in  years.  The  curve  is  derived  by  plotting 
on  cross-section  paper  the  actual  populations  of  selected  cities  after  equal 
periods  of  elapsed  years,  ignoring  exact  dates  and  choosing  such  values 
for  ''elapsed  time  in  years"  as  may  enable  the  respective  curves  to 
conform  most  nearly  to  a  final  mean  value  for  the  group.  After  the 
several  curves  have  been  plotted,  the  mean  or  composite  curve  is  sketched 
in.  This  alone  is  traced  off  on  transparent  paper,  as  shown  in  Fig.  9, 
for  use  by  itself  or  for  superimposing  upon  other  curves  for  various 
comparative  purposes. 

To  illustrate  a  simple  use  of  the  curve:  Suppose  one  desires  to 
obtain  the  most  probable  population  that  a  city  of  500,000  will  possess 
after  a  lapse  of  20  years.  It  is  necessary  only  to  mark  the  500,000 
point  on  the  expectancy  curve,  add  20  years  to  the  elapsed  time,  which 
in  this  case  will  give  a  final  of  71  years,  and  read  off  960,000. 
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The  method  can  be  used  in  almost  every  problem  that  involves  either 
population  estimate  or  population  analysis.  It  can  be  used  to  predict 
the  most  probable  population  of  a  city  of  any  size  whatever  at  any 
given  future  time.  Or,  on  the  other  hand,  by  comparing  the  plotted 
curve  for  any  city  with  the  expectancy  curve  it  becomes  evident  at  a 
glance  whether  the  city  in  question  is  growing,  or  has  grown,  faster 
or  slower  than  the  average  of  its  class. 

Finally,  it  will  be  evident  after  a  little  reflection  that  analyses  based 
on  the  expectancy-curve  method  are  exactly  as  reliable  as  are  insur- 
ance risks  written  on  the  basis  of  mortality  tables.  And  since  by 
its  use  the  three  quantities  of  maximum,  minimum  and  mean  popula- 
tions to  be  provided  for  are  readily  obtainable,  it  is  claimed  that  the 
expectancy  curve  provides  a  thoroughly  defensible  method — possibly  the 
first — for  the  exact  analysis  of  population  problems. 

Probable  Future  Traffic.     The  following  is  from  a  report  on  ''Con- 


Fig.   10— Probable  Future  Traffic 


Fig.  11 — Estimated  Increase  in  Water 
Consumption  at  Hartford,  Conn.,  and 
Decrease  in  Capacity  of  Pipes  with 
Age 


dition   of  Famous   Chicago  Road,"   published  in  Engineering  Record, 
September  12,  1914. 

Traffic  increase  curves  (Fig.  10)  were  prepared  for  the  purpose  of 
estimating  the  future  number  of  automobiles  using  the  road  in  1930. 
The  number  of  machines  in  Cook  County  from  1900  to  1911  was  used 
as  the  basis  because  the  automobile  traffic  is  80%  of  the  total,  and  prob- 
ably more  than  50%  were  from  Cook  County  rather  than  the  local 
towns.  It  was  assumed  that  the  traffic  increase  curve  would  parallel 
the  curve  of  the  automobile  increase.  The  rate  of  increase  of  the  num- 
ber of  cars  was  assumed  to  decrease  regularly  until  1920,  after  which 
the' curve  would  parallel  the  population  curve. 
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Predicted  Water  Consumption.  From  Engineering  and  Contract- 
ing, December  17,  1913,  is  taken  the  following?: 

Works  for  the  additional  water  supply  of  Hartford,  Conn.,  are  now 
under  construction  or  will  soon  be  contracted  for.  The  plan  contem- 
plates a  collecting  and  storage  reservoir,  known  as  the  Nepaug  Reser- 
voir, a  compensating  reservoir,  a  pipe  line  connecting  the  proposed 
storage  reservoirs  with  the  present  reservoir  system  in  West  Hartford, 
a  slow  sand  filtration  plant  to  treat  all  the  water  passing  to  the  city 
and  a  large  size  main  pipe  line  running  from  the  filter  plant  and  enter- 
ing Hartford  in  the  northern  part  of  the  city. 

Fig.  11  is  a  diagram  showing  the  estimated  increase  in  water  con- 
sumption and  the  decrease  in  carrying  capacity  with  age  of  steel  pipe 
from  36  to  44  ins.  in  diameter  and  of  cast  iron  from  36  to  42  ins.  in 
diameter. 

Curve  A  shows  the  demand  on  the  pipe  when  no  supply  is  furnished 
by  West  Hartford.  Curve  B  shows  the  demand  on  the  pipe  when  West 
Hartford  is  supplying  4,250,000  gals,  per  day  safe  capacity,  excluding 
present  reservoirs  Nos.  1  and  4.  The  curves  are  based  on  the  following 
assumptions :  8,600,000  gals,  per  day  present  consumption ;  400,000  gals, 
per  da}^  present  yearly  increase;  50,000  gals,  per  day  added  every  four 
years  to  rate  of  increase. 

Going  Value.  From  a  paper  by  John  W.  Alvord,  reprinted  in  part 
in  Enc/ineer^ing  and  Contracting,  August  5,  1909,  is  taken  only  that 
portion  describing  the  method  of  computing  Going  Value  by  means  of 
a  chart,  omitting  the  development  of  the  theory,  etc.  It  is  a  form  of 
prediction. 
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Fig.  12 — Computing  Going  Value 

To  those  who  are  accustomed  to  thinking  by  the  aid  of  diagrams, 
the  subject  of  going  value  may  perhaps  be  made  more  clear  by  the  one 
here  shown  depicting  the  typical  growth  in  value  of  a  water  works  plant, 
and  the  time  element  involved  in  reproducing  the  same.  This  dia- 
gram. Fig.  12,  is  not  illustrative  of  any  particular  plant,  but  is  rather 
a  composite  of  many  plants  which  have  come  under  the  writer's  notice. 

The  spaces  along  the  bottom  of  the  diagram  give  the  time  in  years 
which  have  elapsed  since  the  original  construction,  and  it  is  assumed 
that  about  the  twentieth  year  it  is  desired  to  value  the  property  for 
purposes  of  purchase  or  fixing  rates. 
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The  vertical  spaces  upon  the  diagram  represent  increments  of  value 
due  to  the  cost  of  its  construction  and  its  going  value.  In  the  begin- 
ning of  its  history  two  years  are  assumed  to  have  been  necessary  for 
construction,  after  which  time  the  plant  begins  to  acquire  its  going 
value.  In  the  earlier  years  of  operation  the  acquisition  of  going  value 
is  necessarily  quite  slow.  An  additional  curve  of  growth  shows, 
roughly,  the  proportionate  costs  of  administration,  interest,  etc.,  during 
construction,  which  are  added  to  and  are  a  part  of  the  physical  value. 

For  purposes  of  illustration,  it  is  assumed  that  in  its  twentieth  year 
this  plant  is  to  be  valued.  The  estimator  thereupon  proceeds  to  im- 
agine the  construction  of  a  conceptual  duplicate  plant  and,  as  the 
original  plant  has  grown  in  value  year  by  year  through  minor  addi- 
tions and  extensions,  he  is  now  facing  the  contingency  that  it  will 
require  perhaps  three  years  instead  of  two  for  the  actual  physical  re- 
placemenj:.  This,  as  shown  by  the  area  F  K  G,  is  in  advance  of  the 
date  of  the  estimate,  as  must  be  the  case  if  the  estimator  is  limiting 
himself  to  what  is  humanly  possible. 

During  the  construction  the  estimator  computes  the  necessary  ex- 
penses for  administration,  cost  of  interest  on  capital  being  invested, 
engineering  expenses,  etc.,  which  may  be  graphically  represented  as 
added  to  the  other  construction  by  the  area  F  J  K,  reproducing  at  the 
end  of  the  proper  assumed  construction  period  the  value  of  such  items 
as  they  already  exist  in  the  going  plant. 

The  estimator  then  arrives  at  the  value  G  J  for  the  physical  prop- 
erty, and  it  remains  for  him  to  reproduce  the  going  value  0  M,  existing 
at  the  date  of  his  valuation,  but  in  order  to  recover  this  going  value 
we  must  again  be  cautious  enough  to  proceed  in  a  manner  which  is 
humanly  possible,  that  is  to  say,  the  conceptual  plant  will  not  only 
have  to  recover  this  cost  of  reproducing  the  income,  but  at  the  same 
time,  it  will  be  hampered  by  the  necessity  in  common  with  the  going 
plant  of  recovering  such  growth  of  revenue  as  the  near  future  may 
reasonably  yield.  This,  of  course,  is  not  an  element  of  its  credit  except 
as  it  embarrasses  and  delays  it  in  acquiring  the  full  going  value  0  M. 

If  the  estimator  further  proceeds  in  a  manner  which  is  humanly 
possible,  he  must  consider  this  recovery  of  going  value  as  taking  place 
in  the  period  following  the  periods  of  construction,  which  period  is 
assumed  for  illustrative  purposes  in  this  case  to  be  four  years,  and 
after  having  made  the  assumption  and  computations  for  credits  to  the 
going  plant  must  of  necessity  refer  them  back  to  their  present  worth. 
This  reduces  his  values  back  to  the  twentieth  year,  and  completes  his 
valuation  oi  F  0  upon  the  diagram. 

This  total  is  a  ''total  value"  diagram  and  must  not  be  confused  with 
a  ''revenue  diagram"  which  is  frequently  used  in  somewhat  the  same 
manner. 

Determination  of  Unit  Prices  of  Material  for  Purposes  of  Valuation 
of  Plant.  Under  this  title  EnQineerinp  and  Contracting,  May  13, 
1914,  published  an  article  by  R.  V.  Achatz,  from  which  the  following 
is  quoted: 

One  of  the  first  questions  which  must  be  decided  in  making  a  valua- 
tion of  a  physical  plant  is  what  unit  costs  of  material  and  labor  are  to 
be  used.     In  making  a  valuation  on  the  cost  of  reproduction  basis, 
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it  is  agreed  that  these  costs  should  be  present  costs  but  there  is  a 
question  of  just  what  is  present  cost.  In  the  case  of  labor  present  cost 
is  a  cost  based  on  the  current  wage  scale  but  in  the  case  of  material  it 
is  quite  generally  agreed  that  the  market  price  on  a  given  date,  par- 
ticularly for  those  materials  which  are  subject  to  constant  fluctuations 
in  price,  cannot  always  be  used  with  justice.  Many  writers  in  discussing 
this  question  have  said  that,  in  case  of  materials  subject  to  price  fluctua- 
tions, the  market  price  on  a  given  date  should  not  be  used  but  an  average 
price  over  a  number  of  years  past,  usually  five  or  ten,  should  be  adopted. 
There  immediately  arises  a  question  as  to  the  propriety  of  using  an 
average  of  past  prices  in  a  valuation  on  the  cost  of  reproduction  basis, 
and  there  is  also  a  large  question  as  to  whether  such  an  average  actually 
represents  a  fair  present  price.  It  has  been  proposed  that  the  present 
normal  price  can  be  determined  by  plotting  the  prices  for  a  number 
of  years  past  and  drawing  a  smooth  curve  representing  an  average  of 
the  prices  as  shown  by  the  yearly  price  curve. 

In  order  to  make  a  study  of  the  different  methods  of  determining 
unit  costs  of  materials  the  prices  on  three  metals,  copper,  tin  and  lead, 
•  were  used.  These  metals  were  adopted  because  prices  were  available 
for  many  years  past,  because  of  their  importance  in  telephone  and  other 
electrical  properties,  and  because  the  prices  are  representative  of  three 
types  of  price  variation.  Copper  prices  have  fluctuated  continuously 
and  sometimes  violently  with  a  general  tendency  toward  increase.  Tin 
prices  have  also  fluctuated  considerably  and  also  have  shown  a  marked 
increase  in  the  past  fifteen  years.  Lead  prices  have  in  general  been 
stable  and  show  little  if  any  tendency  toward  change. 

In  making  the  study  curves  were  plotted  for  the  monthly  average 
prices  of  the  metal  by  plotting  at  the  abscissa  representing  each  month, 
the  average  price  for  that  month  and  connecting  the  points  by  straight 
lines.  In  a  similar  way  curves  were  plotted  for  the  average  prices  for 
5,  10,  and  15-year  periods  by  plotting  at  the  close  of  each  year  the  aver- 
age of  the  prices  for  the  period  preceding,  and,  as  before,  correcting  the 
points  by  straight  lines.  A  smooth  curve  was  also  drawn  representing 
a  mean  between  the  higher  and  lower  changes  in  the  monthly  average 
prices.  Theoretically  there  should  be  equal  areas,  above  and  below,  be- 
tween this  curve  arid  the  monthly  average  curve  but  in  practice  it  can 
be  drawn  by  eye  with  sufficient  accuracy.  This  has  been  designated  a 
"normal  trend  price"  curve. 

In  Fig.  13  are  shown  the  curves  of  copper  prices.  These  prices  ex- 
tend from  1884,  the  earliest  period  that  prices  were  available,  to  the 
present.  It  will  be  noted  that  the  prices  have  had  peaks  at  periods 
of  from  seven  to  ten  years  apart,  the  highest  peaks  occurring  in  1889. 
1899,  and  1907,  followed  by  periods  of  comparatively  low  prices.  The 
dotted  curve  represents  successive  five  year  averages.  This  curve  also 
has  peaks  coming  at  the  frequency  of  the  peaks  in  the  monthly  aver- 
age curve  but  displaced  so  that  the  maximum  points  in  the  five  year 
average  curve  come  later  than  those  of  the  monthly  average  and  occur 
during  times  of  low  market  prices.  For  example,  at  the  close  of  1909 
the  market  price  of  copper  was  13.75  cts  per  lb.,  while  the  five  year 
average  was  16.808  cts.  per  lb.  At  the  close  of  1912  the  market  price 
was  17.75  cts.  per  lb.,  while  the  five  year  average  was  13.91  cts.     The 


TRENDS,  TENDENCIES  AND  STATISTICAL  PREDICTION      339 

Iiigh  average  for  the  five  years  ending  with  1909  was  due  to  the  in- 
fluence of  the  very  high  peak  in  the  market  in  1906-7  and  the  low 
:average  for  the  five  years  ending  in  1912  was  due  to  the  abnormally 
low  prices  following  the  1907  peak,  the  influence  of  that  peak  on  the 
£ve  year  average  having  passed.  It  is  at  once  seen  that  a  five  year 
average  price  at  either  of  these  times  would  be  unjust,  the  price  in  1909 
being  too  high  to  be  just  to  the  public  and  the  price  in  1912  too  low 
to  be  just  to  the  utility. 

The  ten  year  average  prices  of  copper  are  shown  in  Fig.  13  by  the 
hroken  line.  This  curve  has  peaks  in  much  the  same  way  as  the  five 
year  average  curve  but  the  differences  from  time  to  time  are  not  so 
great.  The  ten  year  average  at  the  close  of  1911  is  1.1  cts.  less  than 
at  the  close  of  1908.  The  use  of  this  average  would  be  less  open  to 
objection  than  the  five  year  average  on  account  of  smaller  variation  from 
time  to  time. 


Pig.  13— Variation  and  Trend  of  Prices  for  Copper  for  Period  1884  to  1913,  Inclusive 

The  15  year  average  is  shown  on  Fig.  13  by  the  dot  and  dash  line. 
It  is  entirely  free  from  variation  due  to  the  influence  of  peaks  in  the 
market  price  and  shows  a  general  tendency  upward.  Its  use  might  be 
objectionable  on  account  of  the  influence  of  a  period  of  low  prices  a  long 
time  ago. 

The  smooth  curve  which  has  been  called  the  normal  trend  price  has 
been  drawn  to  represent  an  average  of  the  market  prices.  At  any  given 
time  the  price  read  from  this  curve  may  be  considered  to  be  the  price 
of  copper  under  normal  conditions.  A  buyer  of  copper  in  the  future 
would  expect  to  find  prices  following  this  curve  more  or  less  closely. 
The  price  as  indicated  by  this  curve  was  15.2  cts.  at  the  close  of  1909, 
15.8  cts.  at  close  of  1911  and  16.3  cts.  at  close  of  1913.  The  discussion 
pertaining  to  the  tin  and  lead^  curves  has  been  omitted. 

From  the  study  of  the  curves  and  the  above  discussion  the  following 
conclusions  are  drawn  regarding  the  use  of  the  different  methods  of 
determining  unit  costs  of  material  for  valuation  purposes: 

(1)  The  use  of  the  market  price  of  materials,  especially  those  which 
are  subject  to  price  fluctuations  is  likely  to  be  unfair. 

(2)  Average  prices  for  a  period  of  five  years  previous  to  the  valua- 
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tion  are  unreliable  on  account  of  the  influence  of  periods  of  high  market 
prices  which  tend  to  raise  the  five  year  average  during  the  period  of 
low  prices  that  usually  follows  a  period  of  high  prices  and  the  cor- 
responding decrease  in  the  five  year  average  following  a  period  of 
low  prices  even  after  prices  have  again  increased. 

(3)  An  average  of  the  prices  for  a  period  of  ten  years  previous  to 
the  valuation  fluctuates  in  a  less  degree  than  the  average  for  five  years, 
but  may  be  lower  than  a  fair  price  or  higher  than  a  fair  price  due  to  the 
influence  of  a  period  of  low  or  high  prices  many  years  before. 

(4)  An  average  of  the  prices  for  15  years  may  be  unfair  for  the 
same  reason  as  the  second  given  under  the  ten  year  average,  viz.:  the 
effect  of  prices  of  many  years  previous. 

(5)  An  average  smooth  curve  can  be  drawn,  taking  into  consideration 
market  prices  for  a  number  of  years  past  and  also  successive  average 
prices  for  periods  of  5,  10  and  15  yrs.  which  will  represent  the  normal 
present  price  of  the  material.  In  general  the  use  of  this  curve  as  a 
basis  of  unit  price  of  material  will  be  more  fair  and  less  open  to  ol)- 
jection  than  any  average  price. 

(6)  Before  unit  prices  are  adopted  it  is  necessary  to  make  a  study 
of  the  past  and  present  prices  of  materials,  particularly  the  more  im- 
portant ones  which  may  represent  a  large  portion  of  the  total  cost  of 
material  in  the  plant.  Such  materials  would  be  poles,  copper  wire,  lead 
covered  cable,  duct  materials  and  Portland  cement  in  the  case  of  tele- 
phone, street  railway  and  other  electrical  properties,  and  cast  iron  pipe 
in  case  of  gas  and  water  plants. 

There  may  be  some  objection  to  a  price  based  on  the  trend  curve  on 
account  of  the  fact  that  the  judgment  of  the  appraiser  is  brought  into 
its  determination,  but  it  must  be  remembered  that  a  valuation  is  an  es- 
timate of  cost  to  reproduce  a  given  plant  and  the  entire  result  is  based 
on  engineering  judgment.  Furthermore  a  result  arrived  at  by  the  use 
of  well  trained  judgment  after  considering  all  the  facts  is  more  likely 
to  be  fair  than  an  average  over  an  arbitrary  period  without  further 
consideration.    , 

Following  is  a  list  of  articles  containing  further  illustrations  of  the 
use  of  graphic  charts  of  the  class  discussed  in  this  chapter  and  per- 
taining to  kindred  subjects. 

Upon  request,  the  Codex  Book  Company,  Inc.,  19  William  Street, 
New  York,  will  be  glad  to  procure,  where  possible,  copies  of  magazines 
containing  the  articles  needed,  only  charging  the  *'old  magazine"  price, 
plus  postage. 

*  *  The  Estimation  of  Petroleum  Reserves, ' '  Robert  W.  Pack,  Metallurg- 
ical and  Chemical  Engineering,  September  1,  1917. 

*'A  Manufacturer's  Reflections  on  Textiles,  Rubber  and  Finance, '* 
Archer  Wall  Douglas,  Factory,  April,  1919. 

''The  Anthracite  Situation,"  William  Griffith,  Coal  Age,  May  19, 
1917. 

** Engine  Design  for  1918,  (Ignition  and  Lubrication),"  Automotive 
Industries,  January  3,  1918. 

''1918  Engineering  Trends,"  A.  Ludlow  Clayden,  Automotive  Indus- 
tries, January  3,  1918. 
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^'1918  Chassis  Design  Features/'  Automotive  Industries,  January 
3,  1918. 

"Charts  showing  prices  ftirnace  coke,  pig  iron,  unfilled  tonnage,  net 
■earnings,  etc."  Iron  Trade  Review,  January  4,  1917. 

''Some  Practical  Applications  of  the  Principles  of  Statistics,"  Jour- 
nal of  the  Association  of  Engineering  Societies,  December,  1914. 

"Method  of  Estimating  the  Probable  Volume  of  Railway  Traffic," 
Journal  of  the  Association  of  En^neering  Societies,  March,  1911. 

"Analyses  of  P.  R.  T.  Proposals,"  (Railway  Data),  Electric  Railway 
Journal,  April  7,  1917. 


CHAPTER  XVI 
Computation,  Arithmetical  and  Geometrical 

Generally  speaking,  the  plotting  of  a  curve  consists  of  graphically 
representing  numbers  and  equations  by  the  relation  of  points  and  lines, 
with  reference  to  other  given  lines  or  to  a  given  point. 

In  Chapter  II,  the  theory  of  rectangular  co-ordinates  was  explained 
briefly,  showing  how  it  is  possible  to  definitely  locate  any  point  by  the 
algebraic  values  of  its  co-ordinates,  x  and  y.  The  lines  from  which 
these  distances  x  and  y  are  measured  are  the  reference  lines — the  x-axis. 
and  y-axis,  and  these  cross  at  right  angles  at  the  origin,  o.  Reference 
to  Chapter  II  will  make  this  clear. 

Plotting  an  Equation.  The  next  step  is  to  show  how  to  locate  on  a 
chart  the  locus  of  points  which  shall  satisfy  a  given  equation  containing 
variables.  This  has  been  so  clearly  and  simply  explained  in  a  series, 
of  articles  on  *', Curve  Plotting,"  published  in  Power  that  the  author  feels 
he  cannot  do  better  than  quote  these  directly.  The  following  was  pub- 
lished in  the  March  10  and  17,  1914,  numbers.  The  proper  understand- 
ing of  the  principles  outlined  requires  a  comprehension  of  the  funda- 
mentals of  algebra,  but  it  is  assumed  that  any  reader  interested  in  the 
use  of  charts  for  computing  would  have  this. 

It  is  possible  to  represent  any  equation  in  x  and  2/  by  a  curve  or  group 
of  curves,  but  not  all  curves  are  capable  of  being  represented  by  equa- 
tions, although  the  simple  ones  can  be.  The  two  unknown  quantities- 
(or  variables,  as  they  are  called)  in  the  equation  need  not  be  represented 
by  X  and  y;  an  equation  in  u  and  v  or  any  other  letters  would  do  just 
as  well  but  then  instead  of  calling  the  axes  those  of  x  and  y,  we  simply 
call  them  those  of  u  and  v. 

To  plot  a  curve  from  its  equation,  we  assume  various  values  for  one 
variable,  and  find  what  the  other  variable  will  equal  under  those  con- 
ditions. For  example :  To  plot  the  equation,  i/  =  3x  -j-  4,  we  make  a. 
table  as  follows: 

Ifj:  =  — 3  1/=  — ^  +  4  =  — 5  x  =  l  i/  =  3-f4=  +  7 

x  =  —  2  2/=  — 6  +  4  =  — 2  x  =  2  2/  =  6  +  4=  +  10 

x  =  —  \  i/=_3-f4  =  +  l  x  =  ^  2/  =  9  +  4  =  +13 

x=      0  y  =      04-4  =  4-4 

If  we  now  lay  off  on  cross-section  paper  the  points  (  —  3,  —  5),  (  — 2, 
_2),  (  — 1, +  1),  (0, +  4),  (1,  7),  (2,  10)  and  (3,  13)  and  connect 
them  we  have  the  curve  represented  by  this  equation,  in  this  case  a 
straight  line.  Fig.  1.  That  is,  to  plot  an  equation,  we  assume  values 
for  one  of  our  unknown  quantities,  find  the  values  of  the  other  un- 
known quantity  corresponding  to  the  first,  mark  off  the  points  corre- 
sponding to  them  and  connect  them. 

There  are  one  or  two  special  cases.     The  equation  x  =  4,  means  a;  =  4- 

842 
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for  any  and  all  values  of  y.  That  is,  this  is  a  line  parallel  to  the  axis 
of  y,  and  4  units  from  it.  Similarly,  y^S,  represents  a  condition  that 
y  =  S  for  any  and  all  values  of  x,  which  is  fulfilled  by  a  line  parallel 
to  the  axis  of  x,  and  3  units  from  it. 

However,  these  are,  as  said,  special  cases,  and  in  generaL  any  equa- 
tion of  the  first  degree  can  be  reduced  to  the  form 

y  =  mx  -\-  h 

m  and  &  representing  any  two  constant  numbers.  This  is  the  usual 
form  in  which  the  equation  of  a  straight  line  is  written,  and  has  this 
convenience,  that  m,  whatever  number  it  is,  is  the  tangent  of  the  angle 
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Fig.  1 — Straight  Line 

the  line  makes  with  the  axis  of  x,  and  h,  whatever  number  it  is,  is  the 
distance  from  the  center  O,  that  the  line  cuts  the  axis  of  y.  For  in- 
stance, the  equation 

42/  =  3rc  +  7 

can  be  written  \ 

3x       7 

4       .4 

and  this  particular  equation  could  be  immediately  plotted  by  taking  a 
distance  %  out  on  the  axis  of  y,  and  drawing  a  line  through  this  point 
making  an  angle  with  the  axis  of  x  whose  tangent  is  %. 

Another  way  in  which  equations  of  the  first  degree  can  always  be 
written  is: 
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X 

y 

- 

+  -= 

=  1 

a 

& 

42/  = 

=  3a 

^  +  7 

y 

X 

= 

=  1 

y* 

% 

The  same  equation 
reduces  to 


or  in  the  above  formula  a  =  —  %,  &  =  %. 

In  this  form  of  writing  the  equation,  a  and  h  are  the  distances  from 
the  center  on  the  axes  of  x  and  y,  where  the  straight  line  cuts  these 
axes.  These  distances  are  known  as  the  intercepts  on  the  axes  of  x 
and  y. 

Knowing  this  much  about  the  straight  line,  we  can  find  the  equation 
where  we  have  the  line.  Suppose  a  straight  line  passes  through  the 
points  (4,  2)  and  (  — 5,  3).     Let  us  find  the  equation  in  the  form 

y  =  mx  -\-  h 

When  X  =  4, 2/  =  2 ;  when  x  =  —  5,y  =  3 

therefore, 

2=      4m +  &  (1) 

3  =  — 5m  +  &  (2) 

Substract  (2)  from  (1)  — 1^9m,  orm  =  —  %; 
Substituting  in  (2) 

5  22 

3  =  -+6,or&  =  — 

9  9 

Then  the  equation  of  a  line  passing  through  points  (4,  2)  and  ( —  5,  3) 
will  be 

1         22 
y  = x-\ ,  or92/  =  —  ic  +  22 

9  9 

The  matter  becomes  a  little  more  complicated  when  the  equation  is 
quadratic,  i.e.,  contains  squares  of  x  and  y. 


Suppose 

If  x  =  0, 

x  =  l, 

x  =  2, 

x  =  3, 

x^-\-y^  =  25,  then 
2/=V  25  =  5 
y=y/  24  =  4.9 
2/=V  21  =  4.6 
3/=V  16  =  4 

x=      5, 
a?  =  -l, 
x  =  -2, 
a:  =  -3, 
x  =  -4, 

y= 

y 

y 

y 

y 

:\/    0  =  0 

=  4.9 
=  4.6 
=  4 
=  3 

0^  =  4, 

2/=V  9   =3 

x  =  -5, 

y 

=  0 
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If  we  plot  the  points  corresponding  to  these  values,  and  connect  the 
points,  we  find  we  have  a  circle,  as  in  Fig.  2.  In  general,  any  equation 
-of  the  form  x^  -\-  y^  =  r^  is  a  circle  of  radius  r.  (In  the  above  example 
the  radius  is  V  25  =  5. 

If  we  take  the  curve  pv  =  25,  then  when 


p  =  10 
p  =  9 
p  =  S 
p  =  l 
p  =  6 


v  =  2.5 
V  =  2.78 
^  =  3.13 
i;  =  3.57 
v  =  4.17 


p  =  5  v=   5 

p  =  4:  v=   6.25 

p  =  3  v=   8.33 

p  =  2  v  =  12.50 

pz=l  v==25 


If  we  plot  this  curve,  measuring  the 


''p's' 


on  the  axis  of  y,  and  the 


's^'  on  the  axis  of  x,  we  obtain  a  curve  which  represents  the  behavior 
of  steam  as  it  expands,  or  air  as  it  is  compressed,  without  change  of 
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Fig.  2— Circle 


Fig.   3 — Hyperbola 


temperature.  (The  engineer  will  immediately  recognize  this  as  a  part 
of  his  indicator  diagram.)  It  is  a  part  of  a  curve  known  as  an  equilat- 
eral hyperbola,  and  the  rest  of  the  curve  may  be  obtained  by  plotting : 


p  =  — 10 
p  =  —  9 


2.5 

2.78  etc. 


(The  minus  branch  has  no  physical  meaning). 

Fig.  3  is  an  hyperbola,  a  plot  of  an  equation  of  the  form  xy  =  25. 

In  like  manner  we  may  plot  any  equation,  by  making  a  table  of  values 
of  y  corresponding  to  various  assumed  values  of  x,  finding  the  points 
corresponding  to  each  pair  of  values,  and  passing  a  straight  or  curved 
line  through  these  points. 

We  can  summarize  much  information  concerning  the  simpler  equa- 
tions. Every  equation  of  the  first  degree  is  a  straight  line.  Every 
equation  of  the  second  degree  is  either  a  circle,  an  ellipse,  a  parabola,  a 
hyperbola,  or  a  pair  of  straight  lines. 

Any  equation  of  the  form  y  =  mx  +  h  represents  a  straight  line  in 
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which  m  is  the  tangent  of  the  angle  between  the  Hue  and  the  axis  of 
X,  and  h  the  intercept  on  the  axis  of  y. 

X       y 

a      h 

is  a  straight  line  where  a  and  h  are  the  intercepts  op  the  axis  of  x  and 
y  respectively. 

x^  -{-  y^  =  r^ 

is  a  circle,  whose  center  is  the  point,  0,  and  of  radius  r. 

{x  —  a)'+  iy  —  h)  '  =  r' 

is  a  circle,  whose  center  is  the  point  a,  &,  and  of  the  radius  r.     (The: 
simpler  equation  may  be  derived  from  this  by  putting  a  =  o,  h  =  o) 

x^      y^ 

—  +  —  =  1 

is  an  ellipse,  with  0  as  the  center,  and  a  and  h  as  semi-diameters. 


y 


=  1 


is  a  hyperbola,  with  the  axes  of  x  and  y  as  its  axes. 

xy  =  a  is  an  equilateral  hyperbola,  with  its  axes  at  45  deg.  to  X^ 
OX  and  Y'  OY. 

y^  =3  /ex  is  a  parabola,  whose  axis  is  X'  OX. 

Now,  what  is  the  good  of  all  this?  Can  any  problems  be  solved  by 
it  which  are  not  easily  solved  otherwise?  Here  is  an  elementary  one 
which  is  more  easily  solved  by  plotting  equations  than  in  any  other  way.. 

Suppose,  as  was  an  actual  case,  a  flywheel  burst  at  B,  Fig.  4,  a  piece 
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Fig.  4 — Problem  of  Burst  Flywheel 


Fig.  5— Plot  of  the  Path  Taken  by 
Flywheel  Piece   (Parabola) 


just  cleared  the  wall  25  ft.  away,  30  ft.  high  (it  actually  went  through 
a  skylight)  and  alighted  40  ft.  farther  off.     How  high  did  it  go? 

Bodies  thrown  into  the  air  travel  in  parabolas,  and  the  highest  point 
is  midway  from  A  to  B.     We  draw  our  figure  then,  as  in  Fig.  5. 

The  parabola  is  of  the  form  x^  =. —  ky.  By  the  conditions  of  the 
problem,  the  parabola  goes  through  point  B   (32.5,  —  y)   and  through 
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C  (7.5,  —  2/ +  30).     (Try  to  see  how  those  co-ordinates  are  obtained). 
Then 

32.52  =  +  %  (1) 

7.52  =  A;  (2/30)  (2) 

Solving  by  dividing  (2)   by  (1) 

7.5  2  30 


32.5  2  y 

which  gives 

507  507 

y  = ,  or  — 2/  = 

16  16 

That  is:  the  wheel  at  its  highest  point  was  31^^16  ft.  off  the  ground. 
Other  applications  are:  If  two  simultaneous  equations  are  given,  as 

X   -\-'^y  =16 

ic^-f    2/' =  36 

an  approximate  idea  of  the  solution  may  be  had  by  plotting  these  equa- 
tions.     The    intersections    of    their    graphs    are    the    solutions    of    the 
simultaneous  equations. 
Or,  in  the  equation 

-x^  — 2ic2_^3x  — 4=0, 
if  we  put 

and  plot  the  graph,  we  can  get  an  idea  of  the  approximate  roots  of  the 
equation,  as  these  will  be  where  the  graph  crosses  the  x  axis. 

li  x  =  —  b  2/  =  — 194  a;.=  0  2/  =  — -4 

x  =  —  4:  y  =  —  112  x  =  l  y  =  —   2 

x  =  —  S  2/  =  —   58  x  =  2  2/==+    2 

x  =  —  2  y  =  —   26  x  =  S  2/  =  +14 

x  =  —  l  2/  =  —    10 

There  is  a  root  between  +  1  and  +  2,  and  by  computing  betwen  these 
points  we  can  approximate  it  as  closely  as  we  please. 

From  the  preceding  we  can  conclude  that  all  quantities  may  be  divided 
into  two  classes:  constants  and  variables.  A  constant  quantity  is  one 
that  maintains  a  fixed  value,  for  example,  the  length  of  the  stroke  of 
an  engine  does  not  change.  The  speed  and  the  load  may  change  but 
the  stroke  remains  the  same  under  all  conditions.  A  variable  is  a  quant- 
ity whose  value  is  changing.  Variables  may  be  subdivided  into  de- 
pendent and  independent  variables.  Thus  the  mean  effective  steam 
pressure  in  an  engine  cylinder  is  a  dependent  variable,  for  its  value  is 
determined  by  the  load  on  the  engine.  The  load  on  the  engine  is  an 
independent  variable,  for  it  can  be  changed  at  will.  (In  a  sense  the 
load  is  a  dependent  variable,  as  it  is  limited  by  the  power  of  the  en- 
gine.) 

As  explained  in  the  pa^es  above,  a  physical  law  may  be  stated  in  the 
form  of  an  algebraic  equation,  or  it  may  be  represented  graphically  by 
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the  aid  of  a  curve  or  graph,  and  in  most  cases  the  latter  method  will 
give  a  clearer  idea  of  the  law  of  variation  than  will  a  mere  setting  down 
of  the  equation.  Take,  for  example,  the  law  of  the  expansion  of  gases 
which  states  that  the  product  of  the  absolute  pressure  times  the  volume 
is  equal  to  the  weight  of  the  gas  times  the  absolute  temperature  of  the 
gas,  times  a  constant  which  is  dependent  upon  the  gas.  Stated  in  the 
form  of  an  equation  there  results, 

PV=WBT 

Assume  W  as  unity  and  let  T  remain  constant,  and  we  have  the  well 
known  isothermal  law  that  if  the  temperature  of  a  gas  remain  constant. 


5      C 


15  20  25 

Volume  ,    Cubic    Fzct 
llnch-iOCu.Ft 

Fig.  6 — Pressure-Volume  Curve 


30 


-fO 


then  the  product  of  the  absolute  pressure  and  volume  of  ihe  gas  will 
also  remain  constant.  This  is  the  approximate  law  for  the  expansion 
of  steam  in  the  engine  cylinder. 

For  every  pressure,  saturated  steam  has  a  definite  volume,  and  a  fixed 
temperature.  These  values  have  been  determined  largely  from  experi- 
ment. The  following  table  gives  the  values  of  the  volume  for  certain 
pressures : 

Absolute 

Pressure     .... 


10      20      30        40     50      60     70   80      90     100 


Volume,  cubic 

feet    38.38  20.08  13.74  10.49  8.51  7.17  6.2  5.47  4.89  4.43 
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Frequently  the  engineer  desires  values  not  given  in  the  table  and  is 
at  a  loss  to  know  how  to  determine  them.  This  gives  rise  to  another 
useful  application  of  curves,  namely,  the  determining  of  intermediate 
values  not  given  in  the  table.  Let  us  now  plot  the  curve  showing  the 
relation  between  the  pressure  and  the  volume  of  saturated  steam.  Let 
distances  (abscissas)  measured  along  the  line  OX,  Fig.  6,  represent  the 
volume  in  cubic  feet  to  a  definite  scale;  let  distances  measured  along 
the  vertical  OY  represent  pressure,  to  another  scale.  Lay  off  an  or- 
dinate equal  to  10  lb.  From  the  table  the  volume  for  this  pressure 
is  38.38  cu.  ft.  These  two  values  give  us  the  first  point  on  our  curve 
and  similarly  other  points  can  be  plotted.  Through  the  points  thus 
plotted  draw  a  smooth  curve  and  we  have  a  graphical  relation  between 
the  volume  and  pressure  of  saturated  steam.  Suppose  the  volume  is 
desired  at  62  lb.  pressure.  This  can  be  found  from  the  curve  as  fol- 
lows: 

Lay  off  the  distance  OA  (to  scale)  to  represent  62  lb.,  draw  the  hor- 
izontal line  AB;  at  the  point  of  intersection  B  with  the  curve  drop  a 
perpendicular  BC,  cutting  the  volume  axis  at  C.  Then  the  line  OG 
multiplied  by  the  volume  scale  gives  the  desired  volume  which  in  this 
case  is  6.95  cu.  ft. 

Another  instance  where  a  knowledge  of  curve  plotting  is  essential 
is  in  the  testing  of  boilers,  engines,  generators,  motors,  etc.  A  mere 
tabulation  of  the  data  taken  during  the  test  is  of  little  value  in  giving 
a  general  conception  of  the  performance  of  the  given  unit.  The  fol- 
lowing table  gives  the  results  of  a  series  of  tests  on  a  four-cylinder  four- 
cycle Diesel  oil  engine. 

Test  No.                                      12  3  4  5  6 

Kw 31  71  109  150  169 

Netb.hp 2    50  111  163  220  246 

Rp.m 171   169  167  164  165  162 

Pounds  of  fuel  per  b.hp. 

hour  0.77  0.48  0.45  0.44  0.444 

Thermal  efficiency 17.4%  27.8%  29.5%  30.3%  30.2% 

In  Fig^  '^  let  distances  along  the  axis  OX  represent  the  net  brake 
horsepower  (b.hp.)  to  an  assumed  scale.  Let  the  ordinates  along  OY 
equal  the  revolutions  per  minute  to  a  definite  scale.  From  the  values 
given  in  the  table  locate  the  necessary  points  and  plot  the  curve  AB 
which  shows  at  a  glance  the  variation  in  speed  of  the  engine  as  the 
load  is  increased  or  decreased. 

It  is  often  desirable  to  have  on  the  same  chart  a  series  of  curves 
showing  the  relation  between  the  dependent  and  the  independent 
variables.  In  a  commercial  test  the  load  is  taken  as  the  independent 
variable.  In  this  case  we  will  take  speed,  thermal  efficiency  and  fuel 
consumption  as  the  dependent  variables.  To  plot  these  new  curves 
the  same  abscissas  (load)  can  be  used,  but  new  vertical  scales  must  be 
assumed.  At  the  right  of  Fig.  7  let  distances  along  XY'  represent 
thermal  efficiencies  in  per  cent,  to  an  assumed  scale — one  unit  on  this 
line  will  necessarily  mean  something  entirely  different  from  one  unit 
on  the  line  OY.  Next  take  the  values  of  the  efficiencies  from  the  table 
corresponding  to  the  brake  loads ;  locate  a  new  set  of  points  and  through 
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them  draw  the  curve  CD.  From  this  curve  we  find  that  the  maxi- 
mum efficiency  occurs  when  the  load  is  220  b.hp.  The  curve  also 
shows  how  the  efficiency  decreases  under  light  loads  and  also  on  the  over- 
loads. 

There  remains  the  fuel-consumption  curve.  Here,  again,  a  new  vert- 
ical scale  must  be  assumed  and  will  represent  pounds  of  fuel  per  brake 
horsepower  per  hour.  To  avoid  confusion  it  is  well  to  mark  the  values 
for  fuel  inside  the  line  OY  and  keep  the  values  of  speed  outside  the  line 
OY.  Taking  the  necessary  values  from  the  table  and  plotting  the 
points  there  results  the  curve  GH.  Still  further  curves  might  be 
plotted  on  this  same  chart.  The  student  is  urged  to  plot  these  same 
<»urves  to  different  scales  and  compare  the  results. 
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By  a  careful  study  of  the  curves  shown  in  Fig.  8  predictions  can  be 
made  as  to  the  probable  values  under  other  conditions  of  load.  Thus 
if  the  net  brake  horsepower  were  run  up  to  270  (provided  the  engine 
would  carry  such  a  load)  the  efficiency  would  likely  drop  to  the  point 
E  or  about  27%.  This  value  is  found  by  extending  the  curve  to  the 
point  E  by  following  the  general  outline  of  the  curve  CD, 

In  plotting  curves  of  this  type  great  care  must  be  taken  to  select 
suitable  scales  or  false  deductions  may  be  drawn  from  the  results.  No 
definite  rules  can  be  given  as  to  what  units  should  be  used  but  it  is 
hardly  probable  that  we  would  take,  say,  seven  or  nine  units  per  inch 
but  rather  four  or  eight,  or  still  better  multiples  of  ten.  In  choosing 
the  scales  two  things  should  be  borne  in  mind:  (1)  That  the  scales 
should  be  large  enough  to  give  the  required  degree  of  accuracy  and  (2) 
that  they  should  not  be  so  large  as  to  separate  the  points  of  observation 
by  great  distances  or  to  represent  a  degree  of  accuracy  greater  than 
the  original  figures.  In  all  such  cases  the  scales  should  be  clearly  marked 
upon  the  axes  and  both  scales  should  start  with  0  value  at  the  origin 
or  the  intersection  of  the  axes  of  X  and  Y. 

At  times  when  an  attempt  is  made  to  plot  a  curve  between  two 
variables  it  will  be  found  that  a  smooth  curve  cannot  be  drawn  that 
will  touch  or  pass  through  all  the  points  of  observation,  due,  perhaps, 
to  unavoidable  inaccuracies  in  the  readings.  In  such  easrs  (see  Fig  8) 
locate  all  the  points  and  mark  them  by  a  °  or  -f,  and  then  draw  a  smooth 
-curve,  as  shown,  to  touch  on  the  average  values  or  pass  as  near  to 
them  as  possible. 

As  a  final  application  let  us  consider  the  case  of  a  gas  engine.     It  is 
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-desired  to  find  the  probable  pressure  at  the  end  of  the  compression 
stroke.     The  approximate  law  of  compression  is 

P  yi*  ==  constant 
Let  the  clearance  volume  equal  V^  and  the  total  cylinder  volume  (piston 
displacement  plus  clearance)   equal  V^.     Let  Pi  equal  the  pressure  at 
the  end  of  compression  and  Pg  equal  14.7  equal  the  pressure  at  the  be- 
ginning of  compression.     Then 
p^y^i^^p^y^i* 


or 


This  makes  a  hard  equation  to  solve  and  to  facilitate  computations  of 
this  character  curves  are  plotted  giving  the  ratio  between  pressures  for 
given  volume  ratios.  If  the  clearance  is  33V^%  the  volume  ratio  is  then  4 
and  from  the  curve,  Fig.  9  (plotted  from  computed  data)  the  pressure 
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ratio  is  approximately  seven.     Therefore,  the  pressure  at  the  end  of  com- 
pression equals 

7  X  14.7  =  102.9   lb.   abs.  =  88.2   lb.   gage. 

From  these  illustrations  we  see  that  the  plotting  of  curves  is  very 
useful  to  the  engineer  in  helping  him  to  interpret  data  from  tests,  to 
predict  results  under  other  conditions,  to  find  intermediate  values  not 
given  in  tables  and  to  aid  in  the  solution  of  complicated  ratios 

Diagrams  for  Safe  Loads  on  Piles.  The  following  published  in  En- 
gineering and  Contracting,  January  24,  1912,  gives  a  good  illustration 
of  the  method  of  procedure. 

Figs.  10  and  11  are  for  determining  safe  loads  for  piles.  The  first  is 
for  piles  driven  with  a  drop  hammer  and  the  second  for  piles  driven 
w^th  a  steam  hammer.  The  diagrams  are ,  constructed  with  the  use  oi 
the  Engineering  News  formula  as  given  by  the  late  A.  M.  Wellington 
as  follows : 

2wh 
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Where  P  =  safe  load  in  tons,  !<;  =  weight  of  hammer  in  tons,  /i  = 
fall  of  hammer  in  feet,  and  S  =  penetration  of  pile  at  last  blow. 

The  diagrams  given  here  are  by  Prof.  Edward  R.  Gary,  as 
published  in  the  Polytechnic  of  the  Stevens  Institute  of  Technol- 
ogy. 

For  the  construction  of  the  diagrams  the  formula  may  be  expressed 
as  follows: 

2  2 

P  = X  ^  X  ^.     Let  2/^ ,z  =  hy  and 


1  +  S 


P  =  w  z. 


Values  of  S  are  taken  on  the  X  axis  of  the  diagram  and  the  corre- 
sponding values  of  Y  are  plotted  as  ordinates.  A  curve  is  drawn 
through  the  plotted  points,  and  lines  parallel  to  the  X  axis  are  also 
drawn  through  these  points.  The  equation  z  =  h  y  is  that  of  a  straight 
line  making  with  the  Y  axis  an  angle  whose  tangent  is  h.  A  point  is. 
taken  on  the  X  axis,  at  such  a  distance  from  the  origin,  used  for  plot- 
ting points  of  above  curve,  as  will  make  a  convenient  size  for  the  dia- 


Fig.    10 — Diagram    for    Safe    Load    on 
Piles  Driven  with  Drop  Hammer 


Fig.    11 — Diagram    for    Safe    Load    oni 
Piles  Driven  with  Steam  Hammer 


gram.  This  point  is  used  as  the  origin  for  plotting  the  line  z  =  h  y: 
On  the  line  of  y  for  a  value  of  iS  =  1  in.,  two  divisions  on  the  cross  sec- 
tion paper  are  taken  for  the  value  of  z  when  h  =  10  ft.,  four  divisions- 
when  h=20  ft.,  six  divisions  when  /i  =  30  ft.,  etc.  From  these  points 
lines  are  drawn  to  the  origin  for  z.  On  a  line  parallel  to  the  Y  axis 
and  drawn  through  the  origin  for  z,  a  point  is  taken  for  the  origin  for 
p  =  w  z.  On  a  line  parallel  to  the  Y  axis  and  drawn  throu«:h  the  in- 
tersection of  the  40  ft.  line  for  the  fall  of  the  hammer  and  the  line* 
marked  1  in.  parallel  to  the  Y  axis,  are  laid  off,  to  an  adopted  scale,. 
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values  of  P  for  ii;^  1,000  lbs.,  1,500  lbs.,  etc.,  and  for  8  =  1  in.  and 
h  =  40  ft.  The  lines  above  descrijjed  and  the  Y  axis  are  properly  num- 
bered to  make  the  completed  diagram. 

Knowing  the  penetration  in  inches  for  the  last  blow,  find  the  inter- 
section of  the  line  parallel  to  the  X  axis  that  is  marked  with  this  amount 
and  the  line  which  gives  the  fall  of  the  hammer,  then  go  parallel  to  the 
Y  axis  until  the  line  which  gives  the  weight  of  the  hammer  is  reached, 
then  go  parallel  to  the  X  axis  to  the  left  edge  of  the  diagram  and  read 
the  safe  load  in  tons;  e.  g.,  for  a  penetration  of  %  in.,  fall  of  hammer 
of  20  ft.  and  weight  of  hammer  of  2,000  lbs.,  find  intersection  of  %  in. 
and  20  ft.  lines,  then  go  parallel  to  Y  axis  until  2,000  lb.  line  is  reached, 
then  go  parallel  to  X  axis  and  read  22  +  tons. 

2wh 

For  steam  hammer  driven  piles  the  formula  P  = is  used, 

0.1  +  ;Sf 

where  terms  represent  the  same  quantities  as  above.  The  methods  of 
construction  and  use  are  the  same  as  for  the  above.  The  diap^ram  is 
seen  to  be  very  similar  in  form  to  the  one  for  drop  hammer  driven 
piles. 

This  formula  is  intended  for  piles  not  driven  to  rock,  as  such  piles 
should  be  figured  as  columns.  The  quantity  8  is  the  average  penetra- 
tion for  the  last  few  blows,  which  under  ordinary  circumstances  be- 
<3omes  fairly  constant.  This  condition  in  the  driving  shows  that  the  pile 
is  in  such  material  that  the  formula  may  safely  be  used  for  figuring  its 
loading. 

Resistances  in  Parallel.  A.  S.  L.  Barnes  gives  the  following  in 
Electrical  World,  June  22,  1918. 

Calculation  of  resistances  in  parallel  entails  a  considerable  amount 
of  routine  work  which  can  be  eliminated  by  means  of  the  graphical  sys- 
tem shown  here.  This  gives  a  simple  method  whose  accuracy  is  directly 
proportional  to  the  size  of  chart  used. 

As  shown  in  Fig.  12,  ordinate  and  abscissa  scales  are  marked  iden- 
tically on  cross-section  paper,  and  a  line  is  drawn  from  the  common 
zero  point  at  an  angle  of  45  deg. 

If  it  be  assumed  that  three  resistances  in  parallel  are  62,  43.5  and 
13  ohms  respectively,  the  ease  *of  determining  their  total  resistance 
is  seen  by  reference  to  the  chart.  The  resistance  R^  is  measured  on 
the  ordinate  scale  and  resistance  R^  on  the  abscissa  scale,  or  vice  versa. 
These  lines  joining  the  scale  points  representing  these  values  will  cut 
the  line  OX  at  a  point  which,  projected  on  either  scale,  will  give  their 
joint  resistance  in  parallel.  This  new  value,  25.56  ohms,  if  joined  to 
a  point  on  the  opposite  scale  representing  R^,  will  give  a  new  value, 
•8.62  ohms,  which  represents  the  combined  resistance  of  the  three  circuits 
in  parallel.  This  scheme  can  be  extended  to  include  any  number  of 
resistances  in  parallel. 

Log-arithmic  Paper  for  Computation.  The  following  is  an  excep- 
tionally good  description  of  the  use  of  logarithmic  paper  for  various 
kinds  of  computations.  It  is  taken  from  an  article  by  W.  F.  Durand 
published  in  Engineering  News,  September  28,  1893. 

It  is  the  peculiar  property  of  logarithmic  section  paper  that  for  all 
relationships  which  involve  multiplication,  division,  raising  to  powers, 
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or  extraction  of  roots,  the  lines  representing  them  are  straight.     This 
may  be  readily  proved   as  follows: 

Any  such  relationship  may  be  represented  by  an  equation  of  the 
form :  y  =  Bx°.  Taking  logarithms  we  have :  log.  y  =  log.  B  +  n  log.  x. 
Suppose  we  proceed  to  lay  off  this  equation  on  ordinary  cross-section 
paper.  We  way  off  log.  x  horizontally  on  the  x-axis  and  at  the  point 
so  determined  we  lay  up  parallel  to  the  axis  of  y  a  distance  log.  B  -(-  log. 
x  and  through  this  point  draw  a  line  inclined  to  the  axis  of  x  at  an 
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angle  whose  tangent  is  n.  This  gives  at  each  point  the  value  of  log  y, 
and  the  result  will  be  a  straight  line.  This  may  be  the  more  readily 
seen  by  noting  that  it  is  exactly  similar  in  operation  to  the  plotting 
of  y  =  B  +  nx,  a  form  of  equation  which  gives  a  straight  line  cutting 
the  axis  of  y  at  a  distance  B  above  the  origin  and  inclined  to  the  axis 
of  X  at  an  angle  whose  tangent  is  n. 

Now,  logarithmic  section  paper  is  simply  a  short  and  ready  means 
of  plotting  such  logarithmic  equations.  The  scales  on  each  side  are 
logarithmic  instead  of  uniform,  as  in  ordinary  cross-section  paper. 
The  numbers  and  divisions  marked  are  placed  at  such  points  that  their 
distances  from  the  origin  are  proportional  to  the  logarithms  of  such 
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numbers  instead  of  to  the  numbers  themselves.  It  follows  that  if  we 
take  any  point,  as  3,  for  example,  on  such  a  scale,  the  real  distance  we 
are  dealing  with  is  log.  3  to  some  particular  base,  and  not  3  itself. 
AVith  such  scales,  then,  we  may  proceed  to  plot  numbers  in  the  usual 
way,  knowing  that  in  so  doing  we  deal  with  the  logarithms  of  the  num- 
bers instead  of  with  the  numbers  themselves.  In  general  we  may 
remember  that  any  scale  involves  two  distinct  parts:' 

(1)  The  divisions  marking  off  certain  distances  from  the  origin. 

(2)  The  numbers  marking  such  divisions. 

If  both  of  these  correspond,  we  have  the  ordinary  plain  scale  or 
scale  of  equal  parts.  We  may,  however,  have  the  numbers  mean  one 
thing  and  the  distances  another,  in  any  desired  relationship  one  to  the 
other.  Thus,  we  might  have  the  distances  uniformly  spaced,  while  the 
numbers  might  give  the  squares  of  such  distances  from  the  origin. 
Or,  vice  versa,  we  might  have  the  distances  give  the  squares  of  the 
numbers.  In  a  similar  manner  on  the  logarithmic  scale  the  distances 
give  the  logarithms  of  the  numbers.  It  should  be  noted  that  the  num- 
ber at  the  origin  of  such  a  scale  is  always  1  and  not  0.  This  is,  of 
course,  because  1  is  the  number  whose  logarithm  is  0.  This  1  may, 
however,  represent  a  unit  of  any  order,  so  that  quantities  of  any  size 
whatever  may  be  dealt  with.  Those  familiar  with  the  slide  rule  will 
note  the  identity  between  the  foregoing  considerations  and  those  which 
underlie  the  use  of  that  instrument. 

It  appears,  therefore,  if  we  have  a  series  of  values  of  x  and  of  Bx°, 
and  plot  on  logarithmic  section  paper  x  horizontally  and  Bx''  vertically, 
that  the  actual  distances  involved  will  be  log.  x  and  log.  (Bx'')  or  log. 
B  -|-  n  log.  x.  But  these  distances,  as  we  have  seen,  will  give  a  straight 
line  as  the  locus.  Hence  all  relationships  expressible  in  this  form  are 
represented  on  logarithmic  section  paper  by  straight  lines.  It  fol- 
lows that  the  entire  locus  may  be  determined  from  any  two  points; 
that  is,  from  any  two  values  of  Bx";  or,  again,  by  any  point  and  the 
angle  of  inclination;  that  is,  by  one  value  of  Bx"  and  the  value  of  n» 
remembering  that  n  is  the  tangent  of  the  angle  of  inclination  to  the 
horizontal. 

We  will  next  proceed  to  some  details  of  the  considerations  involved, 
and  show  how  a  single  square  plotted  on  each  edge  with  a  logarithmic 
scale  from  1  to  10  may  be  made  to  serve  for  any  number  whatever  from 
0  to  oc.  To  make  the  illustration  simple  we  will  take  the  case  of  a 
table  of  %  powers.  That  is,  we  wish  to  express  graphically  the  locus 
of  the  equation:  y  =  x^^^.  Let  Fig.  13  denote  a  square  cross  sectioned 
with  logarithmic  scales,  as  described.  Suppose  that  there  were  joined 
to  it  and  to  each  other  on  the  right  and  above,  an  indefinite  series  of 
such  squares  similarly  divided.  Then,  considering,  in  passing  from  one 
square  to  an  adjacent  one  to  the  right  or  above,  that  the  unit  becomes, 
of  the  next  higher  order,  it  is  evident  that  such  a  series  of  squares  would, 
with  the  proper  variation  of  the  unit,  represent  all  values  of  either 
x  or  y  between  0  or  a  quantity  indefinitely  small,  and  oc  or  a  quantity 
indefinitely  large. 

Suppose  next  the  original  square  divided  on  the  horizontal  edge  into 
3  parts,  and  on  the  vertical  edge  into  2  parts,  the  points  of  division 
being  given  at  A,  B,  D,  F,  G,  I.     Then  lines  joining  these  points,  as. 
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shown  in  the  diagram,  will  be  at  an  inclination  to  the  horizontal  whose 
tangent  is  %,  and  will  be,  therefore,  in  the  right  direction.  Now,  begin- 
ning at  0,  it  is  evident  that  OF  will  give  the  value  of  x^/^  for  values 
of  X  from  1  to  that  denoted  by  HF,  or  OB,  or  about  4.6.  For  greater 
values  of  x  the  line  would  run  into  the  next  adjacent  square  above. 
Now,  the  location  of  this  line  if  continued,  may  be  seen  to  be  exactly 
similar  to  that  of  BD  in  the  square  before  us.     It  follows,  therefore. 
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Fig.  13 


that  considering  the  units  as  of  next  higher  order,  the  line  BD  will  give 
values  of  x^^^  for  x  between  B  and  C,  or  4.6  and  10.  For  larger  values 
of  x  we  consider  the  unit  on  x  as  of  next  higher  order,  and  note  that  we 
should  again  run  into  an  adjacent  square  to  the  right  without  change 
of  unit  for  y.  In  this  square  we  should  traverse  a  line  similar  to  IG. 
Therefore,  by  a  proper  choice  of  units  we  may  make  use  of  IG  for  the 
determination  of  values  of  x^/^,  where  x  lies  between  IG  and  the  value 
at  G,  or  about  21.5.  We  should  then  run  into  an  adjacent  square 
above,  requiring  the  unit  on  y  to  be  of  the  next  higher  order,  and 
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traverse  a  line  similar  to  AE,  which  takes  us  finally  to  the  opposite 
corner  and  completes  the  cycle.  Following  this,  the  same  series  of  lines 
would  result  for  numbers  of  succeeding  orders. 

A  little  consideration  of  the  subject  will  show  that  the  value  of 
xV2  for  any  value  of  x  between  1  and  oc,  may  thus  be  read  from  one 
or  another  of  these  lines ;  and  if  for  any  value  between  1  and  oc ,  then 
likewise  for  any  value  between  0  and  1.  The  location  of  the  decimal 
point  is  readily  found  by  a  little  attention  to  the  numbers  involved. 
A  rule  for  its  location  might  be  derived,  but  is  of  little  additional  value 
in  practice.  The  limiting  values  of  x  for  any  given  line  may  be  marked 
on  it,  thus  enabling  proper  choice  to  be  readily  made.  Thus,  in  Fig.  13 
we  mark  OF  as  0—4.6;  BD  as  4.6—10;  IG  as  10—21.5,  and  AE  as 
21.5 — 100.  If  values  of  x  less  than  1  are  to  be  dealt  with,  we  readily 
see  that  AE  will  serve  for  values  of  x  between  1  and  .215 ;  IG  for  values 
between  .215  and  .1 ;  BD  for  values  between  .1  and  .046,  and  OF  for 
values  between  .046  and  .001. 

The  principles  involved  in  this  case  may  be  readily  extended  to 
any  other,  and  it  will  be  found  in  general  that  if  the  exponent  be 

m 
represented  by    — ,  the  complete  set  of  lines  may  be  drawn  by  dividing 

n 
one  side  of  the  square  into  m  and  the  other  into  n  parts,  and  joining 
the  points  of  division  as  in  Fig.  13.  In  all  there  will  be  (m  +  n  —  1) 
lines,  and  opposite  to  any  point  on  X  there  will  be  n  lines  correspond- 
ing to  the  n  different  beginnings  of  the  nth  root  of  the  mth  power, 
while  opposite  to  any  point  on  Y  will  be  m  lines  corresponding  to  the 
different  beginnings  of  the  mth  root  of  the  mth  power.  Where  the 
complete  number  of  lines  would  be  quite  large,  it  is  usually  unnecessary 
to  draw  them  all,  and  the  number  may  be  limited  to  those  necessary 
to  cover  the  needed  range  in  the  values  of  x. 

If,  instead  of  the  equation  y  =  x'',  we  have  a  constant  term  as  a  multi- 
plier, giving  an  equation  in  the  more  general  form  y  =  Bx°,  there  will 
be  the  same  number  of  lines  and  at  the  same  inclination,  but  all  shifted 
vertically  through  a  distance  equal  to  log.  B.  If,  therefore,  we  start 
on  the  axis  of  Y  at  the  point  B,  we  may  draw  in  the  same  series  of  lines 
and  in  a  similar  manner.  In  this  way  PQ,  Fig.  13,  represent^  the  locus 
giving  the  values  of  the  areas  of  circles  in  terms  of  their  diameters,  being 
the  locus  of  the  equation  A  =  H  tt  d^  or  y  =  i/4  tt  x^. 

If  in  any  case  we  have  x  in  the  denominator  such  that  the  equation 
B 
is  in  the  form  y  =  — ,  we  note  that  this  is  equal  to  y  =  Bx-°  and  that 

x° 
the  same  general  rules  hold.     The  lines  in  such  case  simply  slant  down- 
ward to  the  right  instead  of  upward.     As  an  instance  of  this  we  may 
take  the  equation  pv^^/^  =  C,  a  formula  well  known  to  the  steam  engineer. 
This  in  another  form  is  p  =  Cv-^*'/^     In  Fig.  14  we  have  a  line  PQ 

10 

drawn  at  an  inclination  whose  tangent  is ,  and  which  therefore 

9 
readily  gives  the  value  of  v"^^/^.    We  thus  find  the  resulting  value  of 
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p,  and  by  this  means  a  curve  for  this  law  may  be  laid  down  with  almost 
the  same  ease  as  that  for  the  more  commonly  assumed  law  pv=  C. 


Fig.  14 


The  same  problem  may  be  differently  treated  thus:  We  have  pv'^/"  = 
Pi  Vj^®/®  or  p  =  Pi  [  —  I       .     Now,  if  the  operation  under  consideration 


(Vj  \  ^^/^ 
7)    • 


is   an    expansion,   we    have   v  >  v^    and 


r,    the    expansion   ratio. 


Hence    p  =  pjr"^"/^  =z=  p^  -^  j.10/0      j£    ^\^q    operation    is    a  .  compression 
then  v  <  Vi  and  —  =  r,  the  compression  ratio.     This  gives  p  =  Pi  r^ 

V 


,10/9 
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=  Pi -^- 1"^^^^.     Either  of  these  values  may  be  treated  by  means  of  a 

10  10 

line  inclined  at  an  angle  whose  tangent  is  either or  -| . 

9  9 

The  applications  of  this  paper  thus  far  mentioned  have  been  con- 
cerned chiefly  with  quantities  involving  powers  and  roots.  It  must 
not  be  supposed,  however,  that  it  cannot  be  as  readily  used  to  express 
relations  involving  only  the  first  power.  Here,  however,  it  has  no 
especial  advantage  over  ordinary  paper,  for  with  each  the  locus  in  such 
case  is  a  straight  line.  With  logarithmic  paper  we  may  note  that  the 
direction  of  the  line  in  such  case  is  always  at  an  angle  of  45°,  cutting, 
of  course,  the  axis  of  Y  at  a  distance  above  the  origin  equal  to  the 
logarithm  of  the  constant  term. 

Among  the  various  relationships  which  may  be  represented  by  the 
means  above  discussed,  the  following  may  be  mentioned  as  those  more 
frequently  occurring:  Circumferences  and  diameters  of  circles  in  terms 
•of  their  radii  or  diameters,  or  the  inverse ;  moments  of  inertia  and  radii 
•of  gyration  in  terms  of  a  linear  dimension,  or  the  inverse;  length  of 
pendulum  and  time  of  oscillation;  powers  and  roots  of  any  and  all  in- 
dices; weights  of  a  series  of  bodies  of  the  same  substance  and  form 
l)ut  of  varying  size,  in  terms  of  a  linear  dimension,  or  the  inverse ;  sizes 
of  shafts,  struts,  tiebars,  etc.,  in  terms  of  varying  load,  or  the  inverse; 
shearing  stress,  bending  moment,  or  deflection  of  beams  in  terms  of 
load,  or  the  inverse. 

It  will  be  noticed  in  the  above  that  we  have  mentioned  both  the  direct 
and  the  inverse  relationships,  and  this  is  one  of  the  advantages  which 
all  such  modes  of  representation  possess,  rendering  estimation  and  in- 
terpolation equally  easy  in  both  directions. 

Many  other  applications  might  be  mentioned,  and  each  branch  of  en- 
gineering would  furnish  a  large  variety  of  uses  adapted  to  the  peculiar 
problems  arising  in  such  special  field.  In  this  way  numerous  applica- 
tions will  be  found  in  the  various  laws  of  thermodynamics,  in  the  laws 
relating  to  electricity  and  magnetism  and  electrical  engineering  in  gen- 
eral, in  hydraulics,  in  naval  architecture,  etc.  In  engineering  work 
of  an  experimental  character,  and  in  various  fields  of  physical  research, 
special  advantage  will  be  found  in  the  use  of  this  form  of  section  paper 
for  the  plotting  of  results. 

Where,  for  example,  it  is  desired  to  plot  a  result  y  which  varies  as 
some  unknown  power  of  a  variable  x,  this  method  will  be  found  very 
useful.  The  equation  assumed  to  be  fulfilled  will  be  of  the  form  y  = 
Bx°,  where  B  is  a  constant  and  unknown,  and  n  is  unknown  and  may 
be  either  constant  or  variable.  If  it  is  constant  the  line  will  be  straight, 
and  the  tangent  of  its  inclination  to  X  will  equal  n,  while  the  distance 
from  the  origin  to  where  it  cuts  Y  will  be  equal  to  log.  B,  and  will  there- 
fore determine  B  directly  by  the  reading  at  that  point.  If  n  is  not  con- 
stant then  the  locus  will  be  curved,  and  the  instantaneous  exponent  of  the 
variation  of  y  with  x  is  given  by  the  value  of  the  tangent  of  the  in- 
clination of  the  tangent  line  to  the  curve  at  such  point.  It  may  be  re- 
marked in  such  case  that  we  have  really  to  deal  with  two  exponents, 
one  giving  the  instantaneous  exponent  as  noted  above,  and  the  other  an 
Exponent  such  that  it  will  satisfy  the  equation  y^Bx'^.     Unexpected 
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though  it  may  seem,  these  two  exponents  are  not  the  same,  but  both 
may  be  readily  found  by  a  proper  examination  of  the  resulting  locus. 
For  further  information  on  this  point  the  reader  is  referred  to  a  paper 
published  in  the  Journal  of  ihe  Society  of  Naval  Engineers,  on  ''The 
Analysis  of  Certain  Curves  Arising  in  Engineering  Investigation." 

We  will  next  examine  the  use  of  logarithmic  section  paper  as  an 
actual  instrument  of  computation,  rather  than  as  a  means  of  graphically 
representing  various  algebraic  relationships. 

Proportions  of  the  form  yg  :  yi  :  :  x^g  :  x"i,  frequently  arise  in  en- 
gineering investigations.     In  the  form  of  an  equation  this  becomes  y^  = 


■■& 


yi  I  —  )    whence  log.  yo  =  log.  yi  +  n  (log.  Xg  —  log.  x^ ) .    Now  in  Fig.  14 

let  A  and  B  denote  the  points  x^  and  Xg,  and  C  and  D  be  at  the  heights 
denoted  by  yi  and  yg.  Then,  remembering  that  the  actual  distances 
involved  are  the  logarithms  of  the  corresponding  quantities,  we  readily 
see  that  BD  =  AC  +  nAB  or  AC  +  nCE.  Therefore,  a  line  from  C  to  D 
will  be  at  an  inclination  to  X  whose  tangent  is  n.  If,  therefore,  we 
have  any  ready  means  of  passing  from  C,  a  point  determined  by  the 
co-ordinates  x^  y^,  along  an  oblique  line  inclined  to  the  axis  of  X  at 
an  angle  whose  tangent  is  n,  it  is  evident  that  we  shall  pass  along  a 
continuous  series  of  points  Xg  yg  so  related  to  x^  y^  that  the  proportion 
above  mentioned  will  be  fulfilled.  To  solve  any  such  proportion,  there- 
fore, we  have  simply  to  start  at  the  given  point,  Xj  y^,  and  pass  along  the 
oblique  line  until  we  reach  a  point  whose  abscissa  is  x^.  The  corre- 
sponding ordinate  will  be  the  desired  value  of  yg,  or,  vice  versa,  if  we 
stop  at  any  given  value  of  the  ordinate  yg,  the  corresponding  abscissa 
will  be  X2,  so  related  to  the  other  quantities  that  the  proportion  is  ful- 
filled. To  provide  the  necessary  means  for  moving  in  the  right  direc- 
tion from  any  point  whatever  as  x^  y^,  a  series  of  equidistant  lines  at 
the  proper  angle  may  be  ruled.  With  this  aid  a  very  close  approxima- 
tion to  the  proper  values  of  Xg  y^  ^^Y  be  made.  As  an  instance  of  the 
use  of  this  proportion,  suppose  that  we  wish  to  compare  the  areas  of 
similar  figures  of  different  size.  Such  areas  are  in  the  ratio  of  the 
squares  of  their  linear  dimensions,  and  a  corresponding  series  of  oblique 
lines  will  be  at  an  inclination  whose  tangent  is  2.  Now,  suppose  we 
have  given  any  one  area  which  we  denote  by  yi,  and  the  linear  dimen- 
sion Xj.  Then,  using  any  convenient  units  we  note  the  point  so  deter- 
mined, and  passing  thence  along  the  sheet  parallel  to  the  oblique  lines 
we  shall  find  corresponding  to  any  linear  dimension  Xo  the  correspond- 
ing area  yg,  or,  vice  versa,  corresponding  to  any  given  area  yg,  the  cor- 
responding linear  dimension  Xg. 

Reference  has  been  already  made  to  the  similarity  in  fundamental 
principle  between  logarithmic  section  paper  and  the  slide  rule.  This 
similarity  is  only  to  be  expected  from  the  fact  that  the  fundamental 
scale  is  the  same  in  both.  We  may,  therefore,  expect  to  find  in  the 
section  paper,  all  the  inherent  properties  of  the  slide  rule,  and  in  fact 
it  may  be  used  as  such,  provided  only  that  we  may  be  able  to  take  the 
necessary  mechanical  advantage  of  them.  Having  in  this  case  no  slide 
to  serve  as  a  carrier  of  logarithms  from  one  part  of  the  scale  to  another, 
we  may  substitute  for  it  a  pair  of  dividers.     By  this  means  we  find 
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that  we  can  perform  all  ordinary  operations  quite  as  readily  as  with 
the  slide  rule.  We  note  that  with  one  point  of  the  dividers  on  the  axis 
X  we  may  reach  vertically  upward  to  any  number  y.  The  distance  be- 
tween the  points  will  be  log.  y.  If  we  then  swing  the  dividers  down 
to  the  right  we  shall  add  log.  y  to  log.  x,  and  the  number  at  the  right 
hand  point  will  be  the  product  xy.  If  instead,  we  swing  to  the  left,  we 
shall  subtract  log.  y  from  log.  x,  and  the  number  at  the  left  hand 
point  will  be  the  quotient  x-f-y.  This  may  be  kept  up  indefinitely,  and 
the  result  of  any  continued  multiplication  and  division  thus  found. 
Again,  if  on  either  of  the  scales  the  two  points  are  opened  to  two  num- 
bers, X  and  y,  the  distance  between  them  will  be  the  log.  of  their 
quotient,  and  placing  one  point  at  the  origin  we  read  off  the  quotient 
at  the  other. 

We  may  also  remember  with  advantage  that  so  far  as  the  digits  in 
a  result  are  concerned,  the  addition  or  subtraction  of  a  logarithm  is 
the  same  as  the  subtraction  or  addition  of  the  complement  of  the 
logarithm.  If,  therefore,  in  any  of  the  above  operations  either  point 
of  the  dividers  should  go  off  the  scale,  the  result  may  be  found  by  tak- 
ing advantage  of  this  principle.  To  illustrate  this  point  suppose  that 
we  wish  to  multiply  82  by  36.  With  one  point  of  the  dividers  at  82  we 
reach  up  to  36  and  then  find  on  swinging  to  the  right  that  the  point 
comes  off  the  scale.  We  obtain  the  correct  result,  however,  by  sub- 
tracting from  82  the  distance  from  36  to  the  right  hand  end  of  the 
scale,  this  distance  being  the  complement  of  the  log.  of  36.  A  little 
familiarity  will  enable  such  occasions  to  be  foreseen,  and  the  comple- 
mentary log.  would  be  taken  at  the  start.  The  same  principle  may  be- 
utilized  to  avoid  opening  the  dividers  to  more  than  half  the  length  of 
the  scale,  and  a  little  attention  to  this  matter  will  keep  the  distances  in- 
volved down  to  a  minimum.  In  the  preceding  example  the  preferable 
course  would-be  to  step  from  82  to  the  right  hand  end  of  the  scale  and 
then  subtract  this  distance  from  36. 

Rules  for  the  location  of  the  decimal  point  are,  of  course,  the  same 
as  for  the  ordinary  slide  rule.  For  powers  and  roots  it  is  preferable 
to  have  sheets  ruled  with  a  line  giving  the  desired  power  or  root  at  a 
glance.  If  this  is  not  at  hand,  however,  a  power  is  readily  found  by 
simply  stepping  off  the  log.  to  the  right  or  its  complement  to  the  left, 
as  many  times  as  there  are  units  in  the  index.  Thus,  to  cube  13  we 
open  from  10  to  13  and  step  this  distance  three  times  along  the  scale, 
reading  off  at  the  end  the  cube  desired.  To  cube  8  we  would  prefer- 
ably open  from  the  right  hand  end  to  8,  and  step  this  distance  three 
times  to  the  left.  To  find  a  root,  an  inverse  operation  is  necessary,  re- 
membering that  there  are  as  many  different  beginnings  to  a  root  as 
there  are  units  in  its  index,  and  that  the  successive  ratio  between  these 
is  the  nth  root  of  10. 

With  regard  to  accuracy,  it  is  found  that  section  paper  can  be  readily 
printed  so  that  the  error  is  well  within  %  of  1%,  and,  therefore,  that 
the  accuracy  is  abundantly  sufficient  for  a  very  large  class  of  engineer- 
ing work.  On  this  point  it  may  be  well  to  note  that  from  the  peculiar 
properties  of  logarithmic  scales,  an  error  of  a  certain  amount  in  the 
location  of  a  line  results  in  the  same  proportional  error  at  all  parts  of 
the  scale.     This  is  readily  seen  to  be  due  to  the  fact  that  in  such  case 
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the  true  result  is  multiplied  or  divided  by  a  number  whose  logarithm 
is  the  amount  of  error  in  question.  The  peculiar  value  of  this  may  be 
seen  from  an  illustration.  Suppose,  on  the  scales  used,  the  true  distance 
between  40  and  41  to  be  0.1  in.,  while  actually  it  is  in  error  .01.  This 
would  be  an  error  of  10%  in  itself,  but  the  error  resulting  from  the  use 
of  this  distance  in  finding  the  quotient  of  41  by  40  would  be  simply  the 
ratio  whose  log.,  on  the  base  used,  is  .01,  which  in  such  case  would  be 
about  1.002.  Hence,  the  error  in  the  result  is  Vo  of  1%,  while  the 
error  in  the  logarithm  was  relatively  50  times  greater. 

Locomotive  Horsepower.  Figs.  15  and  16  and  the  following  are 
from  an  article  by  T.  Price,  Railway  Age  Gazette,  March,  1914. 

Suppose  that  we  wish  to  prepare  a  chart  for  quickly  finding  the  ap- 
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Fig.  15 — Curves  Plotted  on  Ordinary  Cross  Section  Paper 


proximate  horsepower  a  locomotive  is  developing  for  the  known  draw 
bar  pulls  and  speeds  on  a  dynamometer  test. 

Let  IIP  =  horsepower,  F  =  tractive  effort  or  draw  bar  pull  in  pounds, 
and  V  =  speed  in  miles  per  hour.  Then  IIP  =  FV-f-375.  A  series 
of  horsepower  lines  on  ordinary  rectangular  cross  section  paper  would 
be  a  series  of  hyperbolas.  Fig.  15,  as  this  equation  is  of  the  form  xy  =  c, 
x  =  F,  y  =  V,  and  c  =  375HP.  It  would  be  a  laborious  task  to  con- 
struct a  large  number  of  these;  also  they  would  not  be  very  accurate 
unless  a  considerable  number  of  points  were  plotted  for  each.  On 
logarithmic  paper,  on  the  contrary,  these  horsepower  lines  are  all  straight 
and  parallel  to  each  other,  making  angles  of  45  deg.  with  the  axes.  This 
makes  it  necessary  to  find  only  one  point  for  each  line  to  make  the  chart 
as  shown,  Fig.  16. 

It  is  only  necessary  to  plot  two  points  for  each  of  the  equations  Z  = 
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MiY'  and  U  =  HY2.  Thus,  draw  a  straight  line  through  the  points  .2, 
.02  and  .4,  .08  for  the  first  and  one  through  the  points  .3,  .009  and 
.6,  .072  for  the  second. 
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Fig.  16 — Illustrating  the  Uses  of  Logarithmic  Paper 


Logarithmic  Paper  for  Finding  Formulas  to  Fit  Given  Curves.  The 
following  is  from  an  article  by  E.  W.  Lane,  published  in  Engineering 
News-Record,  September  20,  1917. 

Following  the  universal  adoption  of  the  slide  rule  for  making  ordinary 
computations,  the  use  of  logarithmic  co-ordinate  paper  is  becoming  in- 
creasingly common  in  engineering  studies.  Some  of  the  properties  of 
such  paper  are  obscure  and  complex  and  this  article  aims  to  set  forth 
in  plain  directions  a  systematic  procedure  to  be  followed  in  one  of  the 
most  valuable  applications  of  this  useful  modern  device — the  deter- 
mination of  empirical  exponential  formulas  to  fit  given  curves. 

The  use  of  logarithmic  paper  in  finding  equations  to  express  the  laws 
governing  phenomena  in  certain  simple  classes  of  cases  is  already 
familiar  to  most  engineers.     It  has  been  found  especially  valuable  in  the 
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analysis  of  experimental  results  on  account  of  the  great  variety  of  cases 
in  which  it  can  be  applied  and  the  ease  with  which  equations  may  be 
derived  by  its  aid.  An  important  property  of  this  paper  is  that  any 
straight  line  drawn  upon  it  has  a  simple  and  easily  determined  ex- 
ponential formula,  and  its  use  has  been  largely  confined  to  cases  in 
which  the  data  fall  on  such  a  line.  Simple  formulas  may  in  many  cases 
be  found,  however,  where  the  experimental  data  plot  on  a  curve,  some- 
times even  on  reverse  curves. 

The  following  discussion  was  prepared  by  the  writer  under  the  direc- 
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Fig.  17 — Tabulated  Curve  Characteristics  and  Equation 
Forms  for  Determining  Empirical  Exponential  Formu- 
las 

tion  of  S.  M.  Woodward,  in  connection  with  the  design  of  the  flood- 
prevention  works  of  the  Miami  Conservancy  District.  Its  purpose  is 
to  point  out  some  of  the  possibilities  of  the  determination  of  equations 
by  the  aid  of  logarithmic  paper  and  the  characteristics  of  the  curves 
to  which  the  process  may  be  applied.  In  this  article  the  mathematical 
principles  are  not  discussed,  but  an  effort  is  made  to  present  the  sub- 
ject in  the  form  in  which  it  will  bo  of  greatest  practical  use.  It  is  as- 
sumed that  the  reader  is  already  familiar  with  the  theory  and  principal 
properties  of  logarithmic  paper,  and  the  case  of  the  straight  line  will 
therefore  not  be  considered. 

Simple  exponential  equations  can  be  found  by  the  aid  of  logarithmic 
paper  for  a  great  variety  of  curves.  The  foijnulas  are  of  two  general 
types : 
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Type     I,  y  —  a  =  c  (x  —  hy 
Type  II,  y  —  a  =  c  {h  —  x^ 

where  a,  h,  c  and  ti  are  any  real  numbers.  Most  graphs,  in  which  one 
variable  is  a  single-valued  increasing  or  decreasing  function  of  the 
other,  can  be  closely  approximated  by  one  of  these  two  equations. 

In  this  discussion  only  the  cases  where  y  —  a  and  x  —  h  or  h  —  x  are 
positive  will  be  considered,  since  when  they  are  negative,  complications 
are  introduced,  a  consideration  of  which  will  add  little  to  the  value  of 
the  discussion.  Depending  on  the  sign  and  magnitude  of  the  constants 
c  and  n,  these  two  type  formulas  cover  12  distinct  forms  of  curve,  each 
having  different  characteristics. 

To  aid  in  selecting  the  equation  which  will  fit  any  desired  curve,  the 
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Fig.  18 — Twelve  Typical  Exponential  Curves  of  the  Simpler  Forms 

forms  here  have  been  classified  according  to  their  shape  when  plotted 
on  rectangular  co-ordinates.  In  Fig.  17  these  classes  are  tabulated,  to- 
gether with  the  characteristics  of  the  three  forms  in  each  class,  and  the 
magnitude  and  sign  of  the  constants  which  distinguish  them.  Typical 
curves  of  each  case  are  shown  in  the  12  sketches,  Fig.  18. 

The  basis  of  classification  used  is  the  well-known  one  of  differential 
calculus,  depending  on  the  signs  of  the  first  and  second  derivative.  In 
other  words,  all  curves  whose  slopes  are  of  the  same  sign,  and  which 
are  concave  in  the  same  direction,  are  in  the  same  class.  For  example, 
class  A  contains  all  those  forms  which  slope  upward  to  the  right  and 
are  concave  downward,  or  for  which  the  first  derivative  is  positive, 
while  the  second  is  negative.  There  are  three  of  these  forms,  which,  for 
the  purpose  of  identification,  have  been  numbered  1  to  3  inclusive.     Ex- 
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amples  of  each  form  are  shown  and  in  the  table  are  listed  their  char- 
acteristic features. 

Consider  a  curve  of  form  1:  The  second  column  of  the  table  shows 
that  it  ends  at  the  point  (&,  a).  The  third  column  shows  that  at  this 
point  the  curve  is  parallel  to  the  axis  of  y,  while  the  fourth  column 
shows  that  it  is  also  the  point  of  greatest  curvature.  Column  5  indicates 
that  the  curve  is  not  asymptotic  to  any  line.  In  the  last  four  columns 
are  given  determining  features  of  the  formula  for  the  curve.  In  the 
first  of  these,  column  6,  is  given  the  type  of  equation  for  this  form — in 
this  case  type  I,  or  y  —  a  =  c  (x  —  6)".  The  next  two  columns  show 
that  the  signs  of  both  c  and  n  are  plus,  while  column  9  shows  that  n 
must  be  less  than  unity.  In  the  sketches  is  a  typical  curve  of  this  form, 
the  equation  being  y  —  ^  =  2  {n  —  Mi)^/^. 

Consider  a  curve  of  form  3.  Columns  2  and  3  of  the  table  indicate 
that  this  curve  has  no  finite  end.  Since  the  expression  for  the  point 
of  greatest  curvature  is  complicated,  it  is  not  included  in  column  4. 
Column  5  shows  that  the  curve  has  two  asymptotes,  y  =  a  and  x^=h. 
Columns  6  to  9  inclusive  give  the  characteristics  of  the  formula.  It  be- 
longs to  type  I ;  both  c  and  n  are  negative,  and  n  may  be  greater  or  less 
than  unity.  A  typical  example  of  form  3  is  drawn  for  which  the  equa- 
tion is  2/  —  5  =  —  4  (x  —  ^/^)  ^/^ 

The  first  step  in  the  determination  of  the  formula  of  a  curve  is  to 
find  to  which  class  and  form  it  belongs.  For  example,  consider  a  curve 
which  slopes  upward  toward  the  right,  is  concave  upward,  is  asymptotic 
to  a  line  parallel  to  the  axis  of  x  and  possibly  also  to  one  parallel 
to  the  y  axis.  The  first  two  characteristics,  a  plus  slope  and  concavity 
upward,  place  this  curve  in  class  B  of  the  table,  while  having  asymptotes, 
places  it  in  form  6.  The  equation  whose  graph  will  most  nearly  fit  the 
given  curve  is  therefore  y  —  a  =  c{h  —  x)^,  where  c  is  positive  and 
n  is  negative. 

It  sometimes  happens  that  the  curve  is  not  so  easily  classified  as  this 
example  and  it  is  necessary  to  try  out  several  forms  in  order  to  arrive 
at  the  best  one. 

Whei:e  a  high  degree  of  precision  is  not  required,  the  determination 
of  the  values  of  the  constants  can  best  be  made  by  a  cut-and-try  process. 
In  order  better  to  understand  the  method,  consider  the  two  type  forms : 

y  —  a=c  (x  —  &)*» 
y  —  a^c  (h  —  ic)** 

If  we  replace  y  —  a  by  another  variable,  z,  and  x  —  h  or  h  —  x  hy  w, 
we  have  the  equation 

z  =  cw" 

This  will  be  recognized  as  the  equation  of  a  straight  line  on  logarith- 
mic paper.  The  method  of  determination  of  the  proper  values  of  a  and 
h  is  therefore  to  find  those  values  which  will  cause  z  =  y  —  a  when 
plotted  against  w  =  x  —  h  or  h  —  x,  to  form  as  nearly  a  straight  line 
as  possible.     The  shape  of  the  graph  when  plotted  on  rectangular  co- 
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ordinates  often  indicates  approximately  the  values  of  a  and  h.  If  the 
curve  belongs  to  one  of  the  forms  where  n  is  negative,  the  asymptotes 
will  be  at  the  values  of  h  and  a.  If  n  is  positive,  the  curve  will  start 
from  the  point  {h,  a)  parallel  to  the  x  or  y  axis,  depending  on  whether  n 
is  greater  or  less,  respectively,  than  unity. 

Having  determined  the  form  of  the  equation  and  the  approximate 
values  of  a  and  h,  plot  on  logarithmic  paper  the  values  of  2/  —  a  against 
X —  h,  using  these  approximations  of  a  and  h,  x  and  y  being  any  of  the 
simultaneous  values  of  the  two  variables  the  relation  between  which  it 
is  desired  to  express  by  a  formula.  If  c  is  negative,  the  form  of  the 
type  equations  must  be  changed  to 

a  —  y  =  —  c  {x  —  &)« 
or 

a  —  y  =  —  c  {h  —  ic)»» 

and  the  values  of  a  —  y  plotted  against  x  —  h  or  h  —  x.  The  plotted 
points,  using  the  approximate  values,  will  probably  lie  on  a  line  which 
is  nearly  straight.  To  transform  this  into  a  straight  line  it  will  be 
necessary  to  use  somewhat  different  values  of  a  and  h. 

The  following  rules  will  aid  in  determining  the  nature  of  the  re- 
quired changes.  To  alter  the  values  of  these  constants  in  such  a  way 
that  the  curve  is  moved  in  the  direction  in  which  it  is  concave,  increases 
the  concavity,  while  to  move  it  in  the  opposite  direction  decreases  the 
concavity.  Thus,  if  the  graph  obtained  by  plotting  y  —  a  and  x  —  h  or 
h  —  X  slopes  upward  to  the  right,  and  is  concave  upward,  to  make  it 
more  nearly  straight  change  a  and  h  in  such  a  way  as  to  move  the  graph 
downward  or  to  the  right  or  both.  In  any  such  movement  those  parts 
of  the  graph  nearer  the  lower  and  the  left-hand  parts  of  the  sheet  tend 
to  move  faster  than  the  other  parts.  With  the  above  rules  in  mind,  a 
little  practice  will  enable  one  quickly  to  select  a  and  h  of  such  magnitude 
that  the  points  will  fall  as  nearly  on  a  straight  line  as  it  is  possible  to 
make  them. 

From  this  straight  line  the  values  of  c  and  n  of  the  formula  y  —  a  = 
c  (x  —  b)^  or  y  —  a  =  c{'b — x)^  are  easily  determined,  since,  on  ac- 
count of  the  properties  of  logarithmic  paper,  the  value  of  c  with  its 
sign  is  the  ordinate  as  read  on  the  logarithmic  paper  of  the  point  at 
which  this  line  crosses  the  axis  along  which  the  values  of  y  —  a  were 
plotted;  while  the  value  of  n,  with  its  sign,  is  the  tangent  of  the  angle 
which  the  line  makes  with  axis  along  which  the  values  of  x  — h  or  h  —  x 
were  plotted.  • 

In  case  greater  precision  is  required  than  can  be  obtained  by  the  use 
of  ordinary  logarithmic  paper,  the  logarithms  of  the  values  of  2/  —  o> 
and  X  —  h  or  h  —  x  may  be  plotted  to  any  desired  scale  on  rectangular 
co-ordinates  and  the  values  of  a  and  h  adjusted  until  a  straight  line  is 
obtained.  In  this  case  the  value  of  c,  with  its  sign,  is  the  number  whose 
logarithm  is  the  magnitude  of  the  ordinate  where  the  straight  line 
crosses  the  axis  along  which  the  logarithms  of  1/  —  a  were  plotted,  while 
the  value  of  n  is  the  slope  of  the  line  with  respect  to  the  axis  of  the 
logarithm  of  x  —  h  as  was  the  case  with  the  logarithmic  paper. 

Logarithmic  Charts  for  Hydraulic  Formulas.     The  following  is  from 


368  HOW  TO  MAKE  AND  USE  GRAPHIC  CHARTS 

a  contribution  by  L.  G.  Hall  to  Engineering  and  Contracting,  July  14, 
1915. 

Williams'  formula,  which  reduces  to  Q  =  1.29Z>-«««  770.535^  ^g 
plotted  in  Fig,  19.  In  this  case  Q  is  the  discharge  in  second-feet,  D  is 
the  diameter  of  the  pipe  in  feet,  H  is  the  loss  of  head  in  1,000  ft.  of 
pipe,  expressed  in  feet. 

Compute  and  plot  curves  for  the  desired  size  of  pipe.  These  curves 
are  all  parallel  straight  lines.  Two  points  only  need  be  computed,  when 
the  line  can  be  drawn.  After  the  first  curve  has  been  drawn,  the 
others  can  be  drawn  from  it  with  a  parallel  ruler,  one  point  on  each, 
only,  being  located. 

In  locating  these  points,  it  is  well  to  choose  points  on  the  line,  //  =  1. 
This  does  away  with  the  handling  of  one  fractional  exponent  in  each 
equation,  as  any  power  of  one,  is  one. 

Handling  the  fractional  exponents  can  be  simply  done  by  the  use  of 
logarithms.  For  instance,  to  find  the  value  of  2-*'"**,  look  up  the  log. 
of  2,  which  is  .30103.  Multiply  this  by  the  exponent,  and  the  product 
is  .803148.  Look  up  the  number  which  corresponds  to  this  logarithm, 
and  you  have  6.355,  the  required  result.  The  multiplication  may  be 
done  on  the  slide  rule  accurately  enough  for  practical  purposes. 

When  the  12-in.  and  24-in.  curves  have  been  located,  the  6-in.  and 
48-in.  curves  may  be  immediatcl}^  located  without  solving  the  equation. 
This  is  by  virtue  of  the  fact  that  the  distances  of  these  curves  apart 
form  another  logarithmic  scale  similar  to  the  horizontal  and  vertical 
scales.  For  instance,  the  distance  from  the  12-in.  curve  to  the  24-in. 
curve  is  equal  to  the  distances  between  the  24-in.  and  48-in-  curves, 
or  between  the  12-in.  and  the  6-in.  curves,  measured  along  any  ordinate. 
And  when  the  5-in.  curve  has  been  computed,  the  distances  between 
the  5-in.,  10-in.,  20-in.  and  40-in.  curves  will  be  the  same  as  that  from 
the  12-in.  to  the  24-in.  curves.  From  this,  after  the  5,  7,  8,  12  and  24- 
in.  curves  are  drawn,  the  entire  series  can  be  laid  out  graphically,  with- 
out further  solutions  of  the  equation. 

The  velocity  curves  are  next  drawn.  These,  too,  are  parallel  straight 
lines,  and  can  be  drawn  in  the  same  manner  as  the  first  set  from  the 

VttD 

formula,  Q  = ,  using  the  diameter  curves,  and  the  discharge  or- 

4 
dinates  as  reference  lines.     Points  on  the  lines  for  constant  velocity  can 
be  located  by  taking  the  velocity  and  assuming  a  constant  value  for  Z>, 
then  solving  for  Q. 

When^completed,  the  chart  presents  four  series  of  ordinates  When 
values  are  given  for  any  two  of  the  ordinates,  the  point  thus  located 
immediately  shows  the  values  of  the  other  two.  When  logarithmic 
paper  is  at  hand,  the  entire  chart  can  be  drawn  in  about  an  hour's  time. 

Logarithmic  Diagram  for  Determining  Cutting  Time.  This  is  taken 
from  an  article  by  I.  Schelbeck,  in  Machinenj,  February,  1915. 

The  shop  manager  frequently  finds  it  necessary  to  obtain  a  quick 
and  more  or  less  exact  determination  of  the  cuttinir  time  for  a  given 
piece  of  work  that  is  to  be  handled  on  the  lathe,  milling  machine,  drill 
press,  etc.  For  a  piece  of  work  handled  on  the  lathe,  the  expression 
for  the  cutting  time  is : 
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Fig.  19 — Chart  of  Hydraulic  Properties  of  Wooden  Stave  Pipe  of  4  to  60  Ins.  in 
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DL 


Cutting  time 


8F 


(1) 


where  P^ diameter  of  work  in  inches; 
2^ ^length  of  work  in  feet; 
;S^ cutting  speed  in  feet  per  minute; 
if^  =  feed  in  inches  per  revolution. 

The  diameter  of  the  work  and  the  length  to  be  machined  will  be 
specified  on  the  drawing,  and  the  choice  of  a  suitable  speed  and  feed 
will  be  governed  by  the  size  of  the  work,  the  material,  the  type  of  tool 
used,  etc.  In  addition  to  finding  the  cutting  time,  it  will  be  required 
to  know  the  number  of  revolutions  per  minute  at  which  the  work  can 
be  rotated  while  machining.  When  the  diameter  and  the  cutting  speed 
are  known,  the  number  of  revolutions  per  minute  is : 

Revolutions  per  minute  = (2) 


D 


where  8  and  D  are  the  same  as  before. 


DIAMETER  AND  LENGTH   IN  FEET  AND  INCHES. 

8  4         6       6  8        10     12       15      18    21    2FT 


2  468   10  20  4U1  2 

RESULTANT  TIME  IN  JECONOS,  MINUTES  OR  HOURS  J«-r»«ii<T» 

Fig.  20— Rapid  Determination  of  Cutting  Time 

Fig.  20  give(S  a  complete  solution  of  both  problems,  and  its  use  is  as 
follows : 

Consider  a  piece  of  work  3  inches  in  diameter  by  8  ft.  in  length, 
which  is  to  be  machined  with  a  tool  that  will  permit  a  cutting  speed 
of  50  feet  per  minute  to  be  employed.  Operating  at  this  speed,  the 
lathe  on  which  the  work  is  to  be  done  is  capable  of  taking  the  cut  at  a 
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feed  of  0.040  in.  per  revolution.     With  this  data  at  hand  and  making 
use  of  Formula  (1),  the  cutting  time  is  found  to  be: 

7rX3X8 

Cutting  time  = =  37.7  minutes. 

50  X  0.040 

Similarly  we  find  from  Formula  (2)  that  the  number  of  revolutions 
per  minute  at  which  the  work  will  run  is : 

50X12 
Revolutions  per  minute  = 1=64. 

7rX3 

With  the  preceding  results  as  a  guide  we  will  now  proceed  to  solve 
the  same  problems  by  means  of  the  chart.  Entering  the  diagram  from 
the  left-hand  side  along  the  horizontal  line  through  a  cutting  speed  of 
50  ft.  per  min.  and  following  it  to  the  vertical  line  coming  down  from 
the  top  of  the  chart  through  a  diameter  of  3  ins.,  a  diagonal  line  show- 
ing the  number  of  revolutions  per  minute  to  be  65  is  located.  Then 
by  entering  the  diagram  along  the  horizontal  line  from  the  right-hand 
side  marking  a  feed  of  0.040  in.  per  revolution,  and  following  it  to  the 
vertical  line  coming  down  from  the  top  of  the  diagram  indicating  a 
length  of  8  ft.,  a  second  diagonal  line  is  located.  At  the  point  where 
the  two  diagonal  lines  intersect,  the  vertical  line  is  followed  to  the  base 
of  the  diagram  and  shows  the  resultant  cutting  time  to  be  a  little  less 
than  40  mins.  The  same  system  may  also  be  used  in  determining  the 
cutting  time  for  milling  and  drilling  machine  operations. 

Isometric  Plotting.  From  an  article  by  G.  H.  Marx,  published  in 
American  Machinist,  November  12,  1908,  the  following  is  quoted: 

Rectangular  co-ordinate  paper,  whether  laid  off  on  either  a  plain  or 
a  logarithmic  scale,  can  present  directly  a  picture  concerning  the  re- 
lations of  two  variables  only.  In  mathematical  terms  such  a  chart  ex- 
presses the  relation  between  two  terms  one  of  which  is  a  "function"  of 
the  other;  that  is,  the  values  of  the  first  term  vary  according  as  differ- 
ent values  are  assigned  to  the  second  term  (or  vice  versa). 

But  very  frequently  our  problem  involves  three  terms  and  it  is  quite 
as  desirable  to  represent  their  relations  graphically.  To  give  a  single 
concrete  illustration:  We  may  wish  to  show  the  gallons  of  water  dis- 
charged per  minute  by  a  centrifugal  pump,  throughout  a  range  of  vary- 
ing peripheral  speeds,  and  against  a  series  of  varying  heads.  If  such  a 
chart  were  constructed  it  would  show  at  a  glance  the  proper  combina- 
tion of  speed  and  head  for  maximum  performance,  and  much  else  be- 
sides into  which  it  is  needless  to  enter  here. 

In  all  such  cases  we  have  three  variable  factors  to  deal  with  which 
we  may  term  x,  y  and  z;  to  represent  them  graphically  requires  the  use 
of  three  corresponding  axes  which  we  may  term  X,  Y  and  Z.  To  repre- 
sent a  set  of  three  such  axes  on  a  plane  surface  we  may  avail  ourselves 
of  the  well  known  system  of  isometric  projection,  which  is  a  form  of 
perspective  drawing  in  which  there  is  no  foreshortening  but  each 
dimension  of  length,  breadth  or  height  is  given  its  actual  full  value. 
The  picture  thus  presented  is  much  the  same  as  if  an  object  were  set 
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in  the  corner  of  a  room  and  the  eye  of  the  observer  was  at  an  equal 
distance  from  the  floor  and  each  wall.  The  lines  of  intersection  of  the 
two  walls,  and  of  each  wall  and  the  floor  would  form  the  three  axes. 
The  angles  between  the  pairs  of  axes  become  120  degrees  in  this  case. 
If,  now,  we  wish  to  show  the  point  whose  three  co-ordinates  are  x,  y  and 
z,  we  may  measure  off  from  the  corner  the  distance  y  along  the  Y  axis; 
from  the  point  thus  located  measure  the  distance  x  in  a  direction 
parallel  to  the  A^  axis,  thus  locating  a  point  x,  y ;  at  x,  y  erect  a  per- 
pendicular whose  length  is  equal  to  z,  and  the  extremity  of  the  per- 
pendicular will  be  the  point  whose  position  expresses  the  given  relation. 


Fig.  21 — ^A  Typical  Example  of  Isometric  Plotting 


of  Xy  y  and  z.  It  is  seen  that  if  we  take  a  series  of  different  x  y's  and  at 
each  erect  the  corresponding  z,  the  upper  extremities  of  the  z^s  will  lo- 
cate a  surface  whose  form  and  position  will  give  a  very  clear  picture 
of  the  relationships  of  the  three  variables. 

The  typical  use  of  isometric  paper  is  seen  in  Fig.  21,  where  points  are 
located  and  curves  drawn  which  show  the  surface  determined  by  the  fol- 
lowing set  of  co-ordinates : 


2/=  0 

x=   0,  2  =  35 

a;  =  40,  0«=2O 

x  =  90,  2  =  15 


t/  =  40 
x=   0,  z  =  n3 

x  =  40,  2=7 
a;  =  90,  2=7 
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?/  =  80 
x=   0.  2;  =  15 

x  =  ^0,  z=   7 
a;  =  90,  2==    5 

It  is  to  be  borne  in  mind  that  x,  y  and  z  are  used  here  in  their  alge- 
braic sense,  and  may  represent  actual  factors  of  velocity,  resistance, 
pressure,  temperature,  horsepower,  efficiency,  or  any  other  terms  whose 
relations  it  is  desired  to  express  graphically  and  which  are  interrelated 
in  groups  of  three. 


Fig.  22 — ^An  Illustration  of  Interpolation  in  Isometric  Plotting 


The  use  of  such  isometric  co-ordinate  paper  by  no  means  ends  when 
one  has  plotted  isolated  observed  or  computed  relations.  Pig.  22  shows 
one  means  for  ready  interpolation.  The  surface  is  similar  to  that  shown 
in  Fig.  21,  and  it  is  desired  to  find  the  value  of  z  corresponding-  to  x  = 
60,  y  =  15. 

The  point  a  is  located  for  these  values  of  x  and  y,  and  through  a  the 
line  h  c  d  h  drawn  parallel  to  the  Y-axis.  Where  this  line  cuts  the 
base  lines  at  6,  c  and  d,  respectively,  erect  perpendiculars  b  g,  c  f  and  d  e. 
Draw  proper  curve  through  g,  f  and  e.  At  a  erect  a  perpendicular  until 
it  cuts  this  curve  at  h.  The  ordinate  a-  /i  is  the  required  value  of  z;  in 
this  case  z  =  17.     The  foregoing  example  illustrates  also  the  method 
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of  use  of  the  paper  for  charts  for  the  graphical  solution  of  problems  in- 
volving three  quantities. 

Another  valuable  characteristic  of  the  paper  is  the  ease  with  which 
** contour"  lines  may  be  shown,  by  passing  planes  parallel  to  any  one 
of  the  three  co-ordinate  planes.  Thus,  in  Fig.  23,  if  the  plane  ah  c  d 
is  passed  parallel  to  the  original  X  Y-plane,  at  a  height  of  15  divisions 
above  it,  the  curve  a  e  f  c  will  be  established  (pa,  g  e,  hf  and  q  c,  each 
being  equal  to  15),  which  will  give  all  the  possible  relations  of  x  and 
y  corresponding  to  a  value  of  15  for  z.  Similarly,  the  curve  j  f  k  gives 
all  the  possible  relations  of  y  and  z  for  x  =  40 ;  and  the  curve  I  e  m 
gives  all  relations  of  x  and  z  for  y  =  40.  This,  to  give  but  a  single  illus- 
tration, is  of  extreme  value  in  showing  at  a  glance  all  of  the  possible 
combinations  of  two  variables  for  a  given  value  of  the  third  factor ;  as^ 
for  instance,  the  series  of  peripheral  speeds  and  corresponding  dis- 
charge heads  coresponding  to  a  given  efficiency  of  a  centrifugal  pump. 


R 

IS 

1 

111 

IM 

N 

Fig.  23 — ^Isometric  Plotting  of  Contour 
Lines 


Fig.  24 — ^The  Eight  Sets  of  Isometric 
Axes 


The  values  of  the  variables  corresponding  to  maximum  or  minimum 
conditions  are  equally  evident  from  a  glance  at  an  isometric  diagram. 

It  may  be  borne  in  mind  that  at  the  intersection  of  the  three  co-ordi- 
nate planes  eight  corners  or  angles  are  formed  and  that  in  constructing 
a  diagram  one  is  not  limited  to  the  ordinary  set  of  isometric  axes  (as 
used  in  Figs.  21-23),  but  has  a  choice  of  eight  sets,  as  shown  in  Fig. 
24.  Here,  to  make  matters  clear,  a  cube  has  been  placed  in  the  ''corner'^ 
in  each  case,  with  those  faces  shaded  which  lie  in  or  in  front  of  co-ordi- 
nate planes.  While  the  set  of  axis  No.  1  will  be  found  to  answer 
ordinarily,  one  of  the  others  occasionally  may  be  found  to  suit  some 
particular  data  with  less  confusion  of  lines. 

Just  as,  with  ordinary  rectangular  co-ordinate  paper,  familiarity  has 
led  to  an  increasingly  wide  field  of  usefulness,  so  it  will  be  found  with 
this.  Where  three  interdependent  quantities  are  to  be  dealt  with  the 
isometric  paper  is  quite  as  valuable  as  is  the  rectangular  paper  for  ex- 
pressing the  relations  between  two  variable  terms. 

Nomographic,  or  Alignment  Chart,  Computations.  Mr.  R.  C. 
Strachan  presented  a  paper  before  the  A.  S.  C.  E.  on  Feb.  3,  1915,  en- 
titled ** Nomographic  Solutions  of  Formulas  of  Various  Types,"  which 
was  published  in  Transactions  A.  8.  C.  E,  Vol.  LXXVII  (1915),  Page 
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1359,  and  which  gives  the  following  analysis  of  charts  constructed  in 
accordance  with  his  method  described  in  Chapter  VIII. 

Chart  for  Pin  Moments.  Tables  for  bending  moments  on  pins  are 
found  in  all  engineers'  pocket  books,  but  iifl:erpolations  are  frequently 
necessary,  particularly  in  reviewing  a  completed  design.  For  this  pur- 
pose a  nomograph  is  especially  useful,  and  a  very  neat  one  may  be  con- 
structed with  scales  of  natural  numbers  for  moments  and  stresses.  (Fig. 
25.) 

Let  M^ moment,  in  inch-pounds; 

D  =  diameter  of  the  pin,  in  inches ; 

A  =  area  of  the  pin,  in  square  inches; 

F  =  extreme  fiber  stress,  in  pounds  per  square  inch. 


Then  M  =  f 


DA 
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Fig.  25 
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Or,  by  substituting  0.7854  Z>-  for  A, 

M  =  0.09SiD\ 

In  Fig.  26,  let  the  scales  6f  equal  parts  for  /  and  M  be  parallel,  with 
the  zeros  at  0  and  Oj,  as  shown,  and  plotted  at  a  convenient  distance 
apart.  Connect  Oi  and  O,  and  let  any  line,  a  6,  intersect  the  three 
lines. 

Then 

01         c 


therefore. 


Also, 


0,k        ( 

J 

01 

c 

Ol-j-0,k 

L 

M       0.098 

D^ 

o^A. 


Fig.  26 

and,  if  the  scales  for  M  and  /  were  plotted  on  0  I  and  Oj  k  with  units 
of  the  same  magnitude,  we  should  have,  for  any  position  of  a  h, 

M  0.098  7)3  c 


M-{-f      0.098  D^  +  1        L 

It  will  be  found  more  satisfactory  if  the  M  units  are  one-tenth  as 
great  as  the  /  units,  for  diameters  from  3  to  8  in.,  the  limits  of  one  chart 
(that  on  the  left),  and  one-half  as  great  as  the  /  units  for  diameters  from 
1  to  3  in.,  as  in  the  chart  on  the  right  of  Fig.  25. 

Then  for  the  left-hand  chart, 

M  0.098  7)3  c 


M  +  lOf      0.0987)3  +  10      L 

0.098  7)3 

And  c  =  L . 

0.098  7)3  +  10 

2.65 

When7)  =  3,c  =  L =  0.209  L; 

1265 
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6.27 

when  D  =  4:,c  =  L =  0.385  L ; 

16.27 

and  similarly  for  any  other  diameter. 

In  the  right-hand  chart,  for  small  pins,  2  will  be  used  in  the  expres- 
sion for  c  in  place  of  10.  If  we  then  note  the  diameters  at  the  points 
p,  thus  found,  the  line,  a  h,  is  an  isopleth  giving  scale  readings  for  /,  D, 
and  M  which  satisfy  the  equation,  M  ==  0.098  fD^. 

The  length  and  inclination  of  the  line,  Oj  O,  should  be  chosen  so  as 
to  give  good  intersections  within  the  limits  of  the  chart.  A  unit  of  1 
in.  to  5,000  lb.  for  the  /  scale  will  be  suitable  for  practical  purposes. 

Chart  for  Column  Formula.  The  Gordon  column  formula,  when  suit- 
ably transformed,  may  also  be  adapted  to  nomographic  representation 
obtained  by  the  relation  of  similar  triangles. 

The  constants  used  in  the  chart,  Fig    27,  are  20,000  and  8,000,  or, 

20  000 
P  = 


8  000  r'- 


in  which  Z  =  length  of  columns,  in  inches;  and 

r  =  radius  of  gyration,  in  inches. 


4 1 4 5 1 1  .      I        I 1 1 1      i     I     I 

i*=Radius  of  Gyration,  in  inches.         ' 

/ 
/ 

/ 

CHART  FOR  UNIT  STRESS  IN  STEEL  COLUMNS.  /         <f5^  ^ 

J:-—  i2  •         ^- 


1+ 


8000  ra 


m^"^ 


'^  I 

^      £,=I/ength  of  Column,  in  feet. 

'Nli?l|llM|lMlfllM|l,|l|l||l|lll    I   I 

10  IS  20  25    30      35       40        45  60 

Fig.    27 

The  length  is  usually  given  in  feet,  and  therefore,  inserting  12L  for 
ly  we  have 

20  000 

P= — . 

144  L2 

14 


8  000  r^ 
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This  may  be  written 
P 


8  000r^ 


20  000 

8  000  r-  +  144  U      r^  +  0.018  U^ 

Referring  to  Fig.  28, 

0,k      c 

0  I       d 

0 

^ 

a — 

• 

Fig.  28 

Therefore, 

O^k            G 

If  now  we  lay  off  from  0^  1,  4,  9,  16,  etc.,  units,  placing  the  numbers 
1,  2,  3,  4,  at  these  points,  and  similarly  from  0  0.018  X  1,  0.018  X  4, 
0.018  X  9,  0.018  X  16  units,  in  other  words,  making  the  unit  for  the 
L  scale  0.018  times  the  unit  for  the  r  scale,  we  shall  have 


therefore. 


r-             c 

0.018  L'       d 

r^ 

c 

r2 

+  0.018  L^ 

i 

s 

P 

r" 

and  as 


20  000        r-  + 0.018  L2 

if  0^  0  were  graduated  decimally  from  O,  as  the  zero  point,  the  reading 
at  p  would  be  the  value  of  c  as  a  fraction  of  /S,  or  P  as  a  fraction  of 
20,000. 

If  we  place  1,000  at  the  distance  0.05,  2,000  at  the  distance  0.1,  and  so 
on,  we  may  read  values  of  P  directly. 

The  line,  a  h,  is  then  an  isopleth  giving  scale  readings  for  r,  L,  and  P 
which  satisfy  the  equation, 

26000 
P  = . 


144  L^ 


SOOOr* 
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The  unit  used  for  the  chart,  of  which  ¥ig.  27  is  a  reproduction,  is  Mo 
in.  for  the  r  scale,  and  the  distance,  0^  O,  is  10  in.  These  dimensions, 
of  course,  must  be  chosen  with  regard  to  the  degree  of  precision  desired 
in  the  scale  readings.  When  constructed  as  stated,  the  value  of  P 
may  be  read  to  100  lb. 

Good  intersections  may  always  be  obtained,  since  P  is  the  same  for 
L  nL 

—  and . 

r  nr 

The  broken  line  on  the  chart  showy  the  solution  for  the  case 
L  =  SO  ft.  and  r  =  6  in. 

Chart  for  Impact  Formula.  Fig.  29. — The  percentage  of  live-load 
stress  to  be  added  for  the  effect  of  impact  in  designing  bridge  trusses 
is  specified  by  the  Public  Service  Commission  of  the  First  District, 
New  York,  as 

1 


;S'  =  125 \/2  000  L  —  L' 

8 

in  which  S  =  percentage,  and  L  =  length  of  load  producing  the  stress  to 
which  the  percentage,  8,  is  to  be  added. 

If  we  represent  2  000  L  —  L-  by  g,  this  may  be  written 

1 


Also, 


125  —  8  = 

-V^ 

F 

8 

1 

log.  (125  — S)= 

—  log 
2 

.g  — log.8 

2  ^ 

tiioA 

^20-^ 

P 

H 

\ 

-40H 

8,   "^ 

\ 

\ 

JcoJ 

5-=  Percentage  of  Live  Load  stress. 

II     -. 

2   2  -  2  t2            S               g 

iiiiiiiiiiiiiiij 

I„,iI,im1 

\ 


\ 


\ 


\ 


I,=Leng:th  of  loaded  part,  in  feet: 


\ 
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TT 


Fig.  29 
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The  series  of  values  of  q,  taken  with  suitable  intervals  in  the  value 
of  L,  may  be  easily  deduced,  because,  for  consecutive  values  of  L  differ- 
ing bv  unity,  the  consecutive  values  of  q  differ  by  (2,000  —  3),  (2,000  — 
5),  (2,000  — 7),  etc. 

When  L  =  1,  g  =  1  999  log.  q  =  3.301 

2  3  996  3.601 

3  5  991  3.777 

4  7984  3.902 

5  9  975  3.999 

Referring  to  Fig.  30,  lay  off  the  logarithms  of  q  from  the  point,  /, 
marking  1  opposite  the  log.  1  999,  2  opposite  log.  3  996,  etc. 


Fig.  30 

From  the  extremities  of  this  scale,  when  completed,  draw  lines  to  a 
point,  P,  and  place  the  line,  8,  parallel  to  the  line,  L,  at  a  distance  of 
1 

—  d  from  it.     If  a  logarithmic  scale  of  the  same  unit  magnitude  as 
2  . 

the  scale,  L,  were  placed  on  the  line,  S,  beginning  at  c,  any  straight  line 
from  P  through  the  L  scale  would  give  the  number  corresponding  to 
1 

—  log.  q  at  the  point  of  crossing  the  line,  8;  but,  by  beginning  at  a 
2 

1 
distance  of  0.908  =  log.  8  from  c,  the  point  of  crossing  occurs  at  — 

2 
log.  q  —  log.  8. 

1      _ 

The  reading  on  this  scale  would  then  be  -  \/q,  or  125  —  S. 

8 

If  we  now  number  the  S  scale  by  putting  124  for  1,  123  for  2,  etc., 
any  line,  P  fe,  is  an  isopleth  giving  scale  readings  for  S  and  L  which 
satisfy  the  equation. 

1     '_ 

iSf  =  125 V2,00U  L  —  L\ 

-      8 

In  the  chart,  Fig.  29,  the  scales,  for  the  sake  of  compactness,  are 
turned  through  90°  at  the  point,  L  =  100.     The  logarithmic  unit  also 
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changes,  so  as  to  keep  the  graduations  of  the  S  scale  large  enough  to  be 
easily  read. 

The  broken  line  in  Fig.  29  shows  that  when  L  =  44  ft,  ^8^  =  88%. 

Chart  for  Reinforced  Concrete  Beam  Formulas.  Fig.  31. — On  the 
theory  commonly  applied  in  the  design  of  concrete  beams  of  rectangu- 
lar cross-section  reinforced  on  the  tension  side,  the  tensile  strength  of 
the  concrete  is  neglected  and  a  straight-line  variation  in  compressive 
stress  is  assumed. 

Following  the  usual  notation, 

&  =  breadth; 

^^ depth,  measured  to  center  of  reinforcement; 
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X  =  a:(Z  =: distance  from  compression  side  to  neutiral  axis; 
/a  =  unit  stress  in  steel; 
/c  =  unit  stress  in  concrete ; 
n  =  Eg-^  Ec', 

M  =  moment  of  resistance  of  beam ; 
p  =  percentage  of  reinforcement ; 
a  =  area  of  reinforcement  per  unit  width.  =  pd. 

Then         X  =  xd  =  d  (\^2pn-{- p' n' —  pn), 

d 

a  =  pd  =  — , 

2 


(-:)■ 

1  /           x^\ 
M,  =  -f,d'[    X I. 

2  \  3  / 


Ms  =  fsPd^ 


And,  for  balanced  reinforcement,  Ms  ==  Mc. 

These  expressions  may  be  transformed  so  as  to  adapt  them  to  nomo- 
graphic representation. 

/s 

If  —  =  F, 

/c 

and  the  moment  of  resistance  B  h  d^^  or  B  d^  per  unit  width, 

n 
then  X  = (1) 

n-\-F 

X 

P  = (2) 

2F 


(-+-) 

\    2n       3    / 


B  =  x'{    +  -        (3) 

\    2n       3    / 

Four  diagrams  will  be  required,  one  for  x,  one  for  p,  one  for  the 
/.  /c 

quantity, 1 ,  and  one  for  B, 

2n        3 

Referring  to  Fig.  32, 

Ot      Ow 

uv       wu 
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therefore, 


Ot-{-uv       0  u 


If  we  lay  oif  scales  of  equal  parts  on  0  t  and  u  v,  the  former  for  values 
of  n  and  the  latter  for  values  of  F,  using  units  of  the  same  magnitude, 
then,  for  any  position  of  a  &, 

n  0  w 


n-\-F       0  u 


and  if  0  i^  be  graduated  decimally,  as  on  the  chart,  Fig.  31,  a  &  (of 
Fig.  32)  is  an  isopleth  giving  values  of  n,  F,  and  x  satisfying  Equation  1. 

Only  those  values  of  n  which  are  commonly  used  appear  on  the  n 
scale  of  the  completed  chart,  Fig.  31. 

Draw  0  v,  and  from  w  draw  w  z  perpendicular  to  0  v.     Then 


uv 


Ow 


Ou      Oz 


If  the  unit  for  the  F  scale  is  one-fiftieth  of  0  u,  the  line  from  0  to  50 
is  at  an  angle  of  45°  to  O  u. 

From  Equation  2,  when  i^^50,  ic  =  100  p,  therefore,  if  lines  be 
drawn  from  the  x  scale  sloping  upward  to  the  right  at  45°,  and  if  the 
intersections  with  0  B  are  marked  with  the  same  figures  as  the  points 
on  the  X  scale  from  which  they  start,  we  shall  have  the  scale  of  100  p 
on  O  B. 

A  line,  0  g,  through  the  F  scale  and  a  line  perpendicular  to  0  g 
through  w  and  0  B  will  then  give  values  of  F,  x,  and  p,  satisfying  Equa- 
tion 2.     This  completes  Diagram  A  of  the  chart.  Fig.  31. 

/s  /c 

To  obtain  R  it  is  necessary  first  to  obtain 1 .     Denoting  this 

2n       3 
quantity  by  Q,  when  n  =  15, 

f.     u 
<2=— +  — . 

30         3 
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1  1 

In  Fig.  3S,ifkg^khjkm^-gn-]--hp. 


Lay  off  scal^  ^of  e^Tlal  parts  for  /s  and  fd,  using  natural  numbers,  and 
making  the  unit  for  /c  ten  times  that  for  /s. 

If  the  Q  scale  be  laid  off  with  unit  one  and  one-half  times  the  /c  unit 
30 
or  —  of  the  /s  unit,  the  reading  at  m  will  be 
2 

2       1  2       1 

—  X-/s    +    -X-/c 
30      2  3      2 

Diagram  Bj  of  the  chart,  Fig.  31,  is  thus  constructed. 
In  Diagram  Bg,  of  Fig.  31,  the  unit  for  /c  is  efght  times  that  for  /s, 
3  24 

and  the  Q  unit  is  —  of  the  fe  unit  or  —  of  the  /s  unit.     The  reading  at 

2  2 

m  in  this  case,  therefore,  is 

2       1  2      1 

—  X-/s    +    -X-/c 
24      2  3      2 

The  line,  a  h,  is  an  isopleth  giving,  in  Diagram  B^, 


and,  in  Diagram  Bj 


Diagram  C,  of  Fig.  31,  is  constructed  to  give  the  product  x^  Q  =  Rf. 
as  follows: 

1 
Place  the  R  line  as  shown -in  Fig.  34,  making  kg  =  -gh.    Lay  off 

3 


Q  = 

_f. 
~30 

3' 

Q- 

24 

/c 

3' 
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the  logarithms  of  x  and  Q  on  their  respective  lines,  using  the 
Then,  for  any  position  of  a  h, 


same  unit. 


2  1  1 

Jcm  = -log.  a;  +  -log.   Q  =  -  (log.  x^ -{- 

3  3  3 


log.Q) 


Fig.  34 

The  R  scale  is  laid  off  with  unit  one-third  of  that  used  for  x  and  Q, 
making  the  reading  at  m  the  number  corresponding  to  (log.  x^  +  log-  Q)- 

If  the  points,  2,  3,  4,  etc.,  on  the  x  scale  are  noted  as  0.2,  0.3,  0.4,  and 
the  points,  2,  3,  4,  etc.,  on  the  Q  scale  are  noted  as  200,  300,  etc.,  their 
product  is 


C) 


X  Q  hundreds  =  x^  Q  units. 


Diagram  C  is  then  a  nomograph  for  the  expression,  R  =  x^Q,  Q  being 
taken  from  Diagram  B^  when  n  =  15,  and  from  Diagram  Bg  when  n  = 
12,  /c  and  /s  being  in  pounds  per  square  inch,  h  and  d  in  inches,  and 
R  h  d'  in  inch-pounds. 

To  illustrate  the  use  of  the  chart,  Fig.  31,  assume  /s  =  16,000,  /c  = 
650,  n  =  15,  and  &  =  12  in. 

Moment  of  external  forces  =  517  000  in-lb. 

On  Diagram  A  connect  the  point  n  15  with  F  24.6  and  read  x  =  0.38. 

Connect  the  origin,  0,  with  J^24.6,  and,  on  a  perpendicular  to  this 

77 

line,  drawn  from  0.38  on  the  x  scale,  read  100  p  =  0.77,  or  p  = of  1%. 

100 
.   On  Diagram  B^  connect  f,  16  000  with  /c  650,  and  read  (?  ==750."^ 

On  Diagram  C  connect  x  0.38  with  Q  750,  and  read  R  =  109. 

Then  517  000  =  109X12  d^, 
therefore,  d  =  20  in 

Allowing  2  in.  of  concrete  below  the  center  of  reinforcement,  the  re- 
quired beam  would  then  be  12  by  22  in.,  and  the  steel  area  would  be 
0.77%  of  240  sq.  in.  =  1.85  sq.  in. 

Charts  for  Williams-Hazen  Formula.  Many  hydraulic  formulas  con- 
tain fractional  exponents,  and  are  cumbersome  on  account  of  the  time 
required  for  their  solution.  This  difficulty  is  partly  overcome  by  tabulat- 
ing the  results  for  a  series  of  cases.     Interpolations  in  such  tables,  how- 
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ever,  are  not  invariably  simple,  and  resort  is  had  to  many  expedients, 
to  simplify  the  work.  Special  "hydraulic  slide-rules"  have  been  de- 
vised, which  give,  with  sufficient  precision,  the  results  of  the  formula 
for  which  they  are  designed,  but  naturally  such  special  rules  can  be 
of  no  general  utility. 

The  charts  for  the  Williams-Hazen  formula,  Figs.  35  and  36,  are 
given  as  examples  of  the  beauty  of  the  nomograph  in  its  application  to 
the  solution  of  an  exponential  equation. 

J  Diameter,  d.  in  inches. 

I  f  r~i  T~T~rsin:unmnn, 
i  I  / 

I I  / 

£       o  Dischargre,  Ql  in  enbie  feet  per  secoAd. 

.jn; — n; — ^s-rrrmr-f^™^-^ 


a- 


/ 


1 

CO 

I.J 


a  ■ 


/ 
/ 
/ 
/ 

Velocity,  v,  in  feet  per  second.  / 

1 1 1 1 1 — I — 1    I   I   I 1  I r-/-| — I — I    I    I  I  I  ■!  I  H 

<X1  oJft  l  9  8  4/    6  10  1ft 

/ 
/ 

CHART  OF  WILLIAMS-HAZEN  FORMULA    / 

^^^0.63  g0.u  (o.001)-^*>*  I 

For  velocity,  y,  of  discharge  from  pipes     ' 
of  circular  section  running  full,  f 

assuming  C«  100.  / 

Di8char8re=g=0.00546d*u        / 

/ 

/ 

Head, /t.  in  feet  per  10  090. / 


Fig.  35 
As  usually  stated,  this  formula  is 

in  which  V  =  velocity,  in  feet  per  second ; 

r:^mean  hydraulic  radius; 
^  =  slope  or  ratio  of  rise  to  length; 

0  =  a  coefficient  depending  on  the  condition  of  the  inner  sur- 
face of  the  pipe. 
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Diameter,  d,  in  inches. 


r~r 


8        10     l'2    1*4    I'e  1*8  ^    2*4      J 
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For  velocity,  V.  of  discharge  from  pipes 
of  circular  section  running  full. 

Discharfire=g=0.00545  d^r 


— I 1 

48       60 

Values  to  be  used, for  coefficient,  C, 
for  pipes  3  'to  60"diam. 

.  fl  Very  best.  New        140 

,      /I  Good,  New     130  to  120 

Cast  Iron  .Fair 


Riveted  Ste'el 


/ 

Discharge,  Q,  in  cubic  feet  per  secon 


Tuberculated 

New 

Ten  years  old 


100 
to  40 

110 
100 


X 


Line  P. 


1 — I  I  i|""|     '■    -rrrm — I   I  i|iiiir     I 
1  6     10  /         50  ICO  600  10002000 


Velocity,  V,  in  feet  per  second,  j/ 


0.6 


T 


/ 


/ 


I    I   I  I  I  I  [iiii|iii 


/ 


/ 


Coefficien^C. 

I     I    I    I  I  I  I  >  I  M'  I  IM|I|I|I| 

30        40      60    60  TO  80  90100120140 


208040  606011 


00 


Head,  h,  in  feet  per  10000. 

■T  I        I      I     I     I    I    I   1  I  I  I  I  I  I  ll|        I      I      I    I    I    I   I  I  ij  I  I  |||( 

8  4        6  lb  20  30         40      60     60    ro  80  90 IC 


100 


Fig.  36 


In  constructing  a  nomograph  of  this  formula,  applicable  to  pipes  of 
circular  section  running  full,  it  will  be  convenient  first  to  transform 
it  so  as  to  express  r  in  terms  of  the  diameter,  and  s  as  feet  of  head  in 
10  000  ft. 


Letting  cZ=  diameter  of  pipe,  in  inches; 
and        ^-  =  .feet  of  head  in  10  000  ft., 


then       r = 


and 


D  (feet)       d  (inches) 


4 
h 


48 


S  = 


10  000 
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Making  these  substitutions,  we  obtain 

y  =  0.000796  CcZ^-^^/i^'". 

C  has  values  from  30  to  140,  and  we  will  limit  the  charts,  Figs.  35 
and  36,  to  values  of  d  from  3  to  60  in.  an.d  to  values  of  h  from  1  to  100. 

If  V  =  velocity  when  C  =  100, 
t;  =  0.0796  d««3  /i«-^*, 

and  V  will  be  obtained  by  multiplying  t;  by  a  factor,  0.3  to  1.4.  The 
process  of  constructing  the  chart  so  as  to  give  the  product,  0.0796  d^-^^ 
^0.54^  will  be  the  first  step. 

Using  the  decimal  scale,  and  taking  l^  in.,  or  1  on  the  20th  scale,  to 
represent  0.1,  lay  off  two  parallel  scales,  one  being  the  logarithms  of  all 
diameters  from  1  to  60  in.  and  the  other  the  logarithms  of  all  the  h's 
from  1  to  100.  Draw  the  v  line  parallel  to  the  d  and  h  lines,  dividing 
the  space  between  in  the  ratio  of  63  to  54,  as  shown  in  Fig.  37. 


Fig.  37 

If  the  scales  are  intersected  by  any  straight  line,  a  h,  the  distance, 
63  54 

fg:=:fk-\-kg  = log.  d  H log.  h.     If  the  v  ^s  were  laid  off  by 

117  117 

the  scale  of  20ths  beginning  at  the  point,  g,  the  reading  at  /  would 

give  the  product,  d^^^h^'^^ 

63  63 

=  0.855  X  — ;  hence  if  the  logarithms  of  the  v  's  are  laid  off  with 

117  100 

a  unit  of  (l^  in.  X  0.855)  to  0.1,  the  reading  at  /  would  give  the  product, 
^0.03  }io.r,4  rpi^-g  ^gy  Y)e  accomplished  by  using  for  the  v's  the  scale  of 
20ths  after  multiplying  the  logarithms  by  0.855,  thus: 

log.  2  =  0.301  X  0.855  =  0.257 
log.  3  =  0.477  X  0.855  =  0.408 
log.  4  =  0.602  X  0.855  =  0.515, 

or  by  any  other  convenient  method  of  reducing  the  unit  magnitude. 

The   logarithm    of    0.0796  =  2.901  =— 1.099,    and    by    placing    the 
starting  point  of  the  v^s  above  g  a  distance  1.099  X  0.855  =  0.940  on 
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the  scale  of  20ths,  thus  adding  — 1.099,  the  logarithm  of  0.0796,  the 
reading  on  the  v  line  is  0.0796  d""-^^  h''-^\ 

To  introduce  the  factor,  C,  draw  the  C  line  parallel  to  the  others  at 
any  suitable  place  between  the  v  line  and  the  h  line.  Draw  the  V  line 
midway  between  the  v  line  and  the  C  line,  as  in  Fig.  38. 


Fig.  38 

From  the  point,  1,  on  the  v  scale,  draw  a  line  across  the  v,  V,  and  C 
lines  at  any  convenient  angle,  in  order  to  locate  the  "1"  points  of  the 
scales  about  to  be  plotted.  Using  the  same  unit  as  for  v,  lay  off  on  the  C 
line  the  logarithms  of  1.1,  1.2,  1.3,  and  1.4  above  1  and  the  logarithms 
of  0.9,  0.8,  etc.,  below  it.  If  the  logarithms  on  the  V  line  were  now  laid 
off  with  the  same  unit  as  those  on  the  v  and  C  lines,  the  reading  at  the 
crossing    of   any   line,    a  h,    would    be    the    number    corresponding    to 

1  1 

-  log,  V  -{-  -  log.  C. 

2  2 

Therefore  we  make  the  V  scale  one-half  as  large  as  the  other  two,  that 
is,  with  a  unit  of  {Vi  in.  X  0.855),  which  will  give  the  product,  v  C,  as 
required. 

It  is  apparent  that  no  divisions  are  required  on  the  v  line  after  the 
starting  points  for  the  V  and. (7  scales  are  drawn.  Therefore  it  is  left 
blank  in  the  completed  chart,  Fig.  36,  and  marked  ''Line  P''  for  refer- 
ence. 

In  order  to  make  the  chart  of  greater  use,  it  will  be  well  to  introduce 
another  scale  giving  Q,  the  quantity  discharged. 

li  Q^=  discharge,  in  cubic  feet  per  second ; 
d  =  diameter,  in  inches ; 
y=: velocity,  in  feet  per  second; 
Q  =  0.00545c?2y. 

The  d  scale  was  plotted  with  a  unit  of  V2  in.  to  0.1.  Therefore  it  will 
serve  for  log.  {d~)  with  a  unit  of  %  in.  to  0.1.  The  Y  scale  is  made  with 
a  unit  of  (%  in.  X  0.855),  as  shown  on  Fig.  39. 

If  we  place  the  Q  line  between  the  d  and  Y  lines,  as  shown,  the 
distance,  fg  =  nX  log.  (d^)  +  (1  —  n)  X  0.855  log.  Y,  and  if 
n={l  —  n)  X  0.855, 


then 


w  =  0.462 
fg  =  0.462  log.(d^)  +  0.462  log.  Y. 
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If  the  Q  scale  were  now  laid  off  from  g  with  a  unit  of  (%  in.  X  0.462), 
the  reading  at  /  would  be  the  number  corresponding  to  log.  d^  +  log.  V, 

Log.  0.00545  =  3.7364  =  — 2.2636,  and  if  we  place  the  '^l'^  of  the 
Q  scale  above  g  a  distance,  2.2636  X  0.462  =  1.045  on  the  40th  scale 
(^  in.  representing  0.1),  thus  adding  log.  0.00545,  the  reading  at  the 
intersection  of  a  &  will  give  0.00545  dr  V,  as  required. 

Assuming  d  and  h  to  be  known,  and  a  value  of  C  selected  according 
to  the  condition  of  the  pipe,  place  a  straight-edge  so  as  to  connect  d  and 
h,  and  mark  its  intersection  on  ''Line  P".  Similarly,  connect  the  point 
just  marked  with  the  given  C  and  at  the  intersection  on  the  V  line  read 
the  value  of  V.  Then  connect  this  V  with  the  given  d,  and  at  the  in- 
tersection on  the  Q  line  read  Q  in  cubic  feet  per  second. 


^-'-0.369  S-^fi 0.631 8 ^ 

t< S »J 


Fig.  39 


Fig.  40 


It  is  evident  that,  by  a  suitable  modification  of  the  process  described, 
either  of  the  four  quantities,  d,  h,  V,  or  C,  may  be  obtained  when  the 
other  three  are  given. 

As  C  is  usually  assumed  at  a  round  figure,  multiplication  or  division 
by  it  is  so  simple  that  some  might  prefer  a  chart  based  on  the  value 
100  for  this  coefficient.  The  chart,  Fig.  35,  is  constructed  in  this  way, 
as  follows: 

Lay  off  the  d,  k,  and  v  scales  as  described.  The  v  scale  will  have  its 
subdivisions  completed  and  will  occupy  the  position  of  ''Line  P'Mn  the 
chart,  Fig.  36. 

The  subdivisions  on  the  d  line  represent  log.  (d^)  with  a  unit  of  M  in., 
and  those  on  the  v  line  represent  log.  v  with  a  unit  of  (^  in.  X  0.855), 
equivalent  to  M  in.  X  1-71. 

If  we  place  the  Q'  line  as  shown  in  Fig.  40,  the  distance, 


Then 


/(5r=mlog.  {d^)-\-  (1  — m)  X  1-71  log.  v; 
and  if  m==  (1  —  m)  X  1.71,  m  =  0.631. 
ffj  =  0.631  log.  (tf^)  +  0.631  log.  V. 


If  the  (?'  scale  were  laid  off  from  g  with  a  unit  of  (^  in.  X  0.631), 

the  reading  at  /  would  be  the  number  corresponding  to  log.  (cZ^)  +  log.  v. 

Log.  0.00545  =  — 2.2636,  and  if  we  place  the  "1"  of  the  Q'  scale 
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above  g  a  distance  of  2.2636  X  0.631  =  1.428  on  the  scale  of  40ths  (^  in. 
to  0.1),  the  reading  at  the  intersection  of  a  h  will  give  0.005^5d^v,  as 
required. 

It  is  evident  that  any  straight  line  intersecting  the  four  scales  gives 
values  of  d,  h,  v,  and  Q'  satisfying  the  equations, 

t;  =  100  X  0.000796  d«-«^  /i«-^*, 
and  ^' =  0.00545cZ2'y. 

By  means  of  the  ''conversion  scale,"  cubic  feet  per  second  may  be 
read  off  at  once,  in  millions  of  gallons  per  day. 

The  broken  lines  drawn  on  the  charts.  Figs.  35  and  36,  show  that 
when  c?=30  in.,  ^1  =  33  ft.,  and  C  =  82,  the  formula  gives  7  =  3.7 
and  Q  =  18  cu.  ft.  per  sec.  Also  when  (Z  =  30  in.  and  /fc  =  33  ft.,  v=^ 
4.5  and  Q'  =  22  cu.  ft.  per  sec. 

In  the  discussion  of  the  above  paper,  Messrs.  P.  C.  Nugent,  W.  M.  Eliot, 
and  F.  W.  Green  sent  interesljing  letters,  which  have  also  been  repro- 
duced. 

Paul  C.  Nugent. — Mr.  Strachan  has  covered  admirably  the  theory 
of  the  nomographic  diagram.  His  paper  is  of  especial  value  in  calling 
attention  to  some  of  the  less  familiar  forms.  Particularly  to  be  noted 
are  the  diagrams  in  which  the  natural  scales  are  used.  As  a  somewhat 
different  method  of  presentation  is  often  of  interest,  the  following  treat- 
ment of  the  theory  and  construction  of  a  logarithmic  nomograph,,  similar 
to  the  one  representing  the  Hazen-Williams  formula,  is  here  submitted: 

The  typical  form  of  an  equation  of  this. kind  is 

K^Q^  —  KaD<XK^n^ (1) 

in  which  Q,  D,  and  E  are  variables,  and  TTq,  K^,  K^,  a,  h,  and  c,  are 
constants.  A  representative  formula  is  that  of  Flamant,  which  may 
be  written 

Q  =  0.001361  d'^^H^ (2) 

In  Equation  (2)  Q  is  in  cubic  feet  per  second;  D  is  the  diameter  of  the 
pipe,  in  inches ;  and  R  is  the  drop,  in  feet,  of  the  hydraulic  gradient  per 
1,000  ft.  of  pipe  line. 

Referring  to  Fig.  41,  on  the  vertical  line,  H,  are  supposed  to  be  laid 
off,  from  the  point  H  downward,  the  logarithmic  values  of  Ky,  H"".  It  is 
next  necessary  to  assume  the  distances,  x  and  y.  These,  for  convenience, 
may  be  equal.  Having  assumed  them,  draw  two  vertical  lines,  D  and 
Q,  as  shown.  Assuming  any  convenient  point,  Q,  on  the  Q  line,  draw 
a  straight  line,  2^/S',  through  this  point  and  H.  Q  is  the  beginning  or 
zero  point  of  the  Q  line,  and  D,  the  intersection  of  ES  with  the  inter- 
mediate vertical  previously  drawn,  is  the  corresponding  point  on  the 
D  line- 
To  discuss  first  the  case  where  the  Qy  B,  and  H  factors,  including 
their  constant  exponents  and  coefficients,  are  each  not  less  than  unity, 
suppose  any  straight-edge,  L^  M^,  laid  across  the  diagram  as  shown  in 
Fig.  41.  It  is  evident  that  the  Q  and  D  quantities  must  increase  up- 
ward, and  the  H  quantities  downward,  from  what  may  be  termed  the 
''zero  line,"  E8,     Consequently,  in  the  assumed  case  (all  factors  not  less 
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than  unity  and  therefore  all  logarithms  plus)  Li  M^  will  intersect  RS^ 
to  the  right  of  the  D  line,  and  will  cut  the  three  verticals  in  the  points. 
e„  D„  and  H,. 
From  the  figure, 


x-\-y  y 


from  which 


X  {x-{-y) 

y  y 


(3> 


Fig.  41 


Now,  suppose  that  the  scale  to  which  the  Q  quantities  are  laid  off  is 
rih  and  n^  times  the  scales  for  the  H  and  D  quantities.  That  is,  the  ac- 
tual space,  say  in  inches,  on  the  Q  scale  which  corresponds  to  the  loga- 
rithm of  any  number  as  5,  will  be  tih  times  the  actual  corresponding 
space  on  the  H  scale.  From  an  inspection  of  Equations  (1)  and  (3)  it 
is  evident  that,  if  the  nomograph  is  to  represent  the  typical  Equation 

X          x-\-y 
(1),  rii,  and  n^,  respectively,  must  equal -and .     Any  convenient 

y  y 

scale  having  been  selected  for  the  H  line,  the  Q  and  D  scales  may  now 
be  determined. 

The  distances  along  any  vertical,  as  the  Z)  line,  from  a  point  marked 
with  a  certain  value  of  D  to  a  value  ten  times  as  great,  will  be  constant. 
These  distances  may  be  called  the  ** secondary  unit  lengths"  and  de- 
noted by  L'q,  L'd,  L\'  The  ''unit  lengths,"  that  is,  the  lengths  corre- 
sponding to  the  logarithm  of  10  (unity)  are  symbolized  by  Zq,  L^,  and 

u. 

The  additional  details  of  the  construction  may  perhaps  be  best  illus- 
trated by  the  application  of  the  theory  to  Equation  (2)  and  its  nomo- 
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graph,  Fig.  42.     As  shown  in  this  figure,  x  and  y  are  each  assumed  as 
1.25  in.     Consequently,  Uh  =  1  and  n^  =  2. 

In  the  formula,  D  occurs  as  0.001361  D  ^   and  H  as  H  ^  .     Q  is  found 
simply  as  Q.     The  scale  assumed  for  the  H  line  is  3  in.=  unity.     There- 

4 
fore,  L'h  =  -X  3  =  1.71  in.     Similarly,  X'q  =:  3.00  in.  and  L'd  =  4.07 

7 
in.     The  spaces,  L\  and  L\,  are  laid  off  up  and  down  the  Q  and  H 
lines  from  the  zero  line,  BS. 

Turning  to  the  D  line,  we  note  that  where  it  is  intersected  by  BS,  the 
value  written  for  D,  (Dq)  must  be  such  that 

log.  (0.001361  Do '^')=0 

from  which,  Do  =  11-38. 
As  shown  above,  the  D  scale  is  one-half  the  H  scale,  and  consequently 
1 
Ld  =  -  X  3  =  1.50  in.     To  get  back  to  the  point  marked  10  on  the  D 

2 
line,  we  have 

[log.  (0.001361  X  11.38  ^' )  —log.  (0.001361  X  10  '''')]  X  1.50 in. 

=  0.23  in. 

This  locates  the  10  point  on  the  D  line  from  which  the  spaces,  L'd  =  4.07 
in.,  are  laid  off  up  and  down  the  line. 

If  a  y  line  is  desired,  we  may  transform  Equation   (2)   by  writing 
AV  for  Q,  obtaining  finally 

V  =  0.249^  D^  H^ 

and,  proceeding  as  above,  construct  a  diagram  based  on  the  2>,  H,  and  V 
lines     More  simply,  however,  we  may  write 

Q  =  AV V  =  0.005454  D'V (4) 

4  X  144 

Assuming  the  V  line  z  inches  to  the  right  of  the  D  line,  just  as  above, ' 

X  (x  -\-  z) 

and   considering  the   Q,   D,   and    V   lines,    ^v  =  —   and   n^  = . 

z  z 

Q  is  involved  in  Equation  (4)  just  as  in  Equation  (2),  and  we  may, 
therefore,  assume  the  plotted  Q  line  as  a  basis  for  the  Y  construction. 
The  coefficients,  K^,  etc.,  in  the  general  Equation  (1)  do  not  enter  into 
the  determination  of  the  secondary  unit  lengths.  These  are  matters  of 
the  exponents,  and,  having  determined  id,  L'^  =  h  L^.  Thus,  consider- 
ing the  Q,  D,  and  V  lines, 

L,  ' 

L'd  =^1)  Li  =  h ,  from  which 

(x  +  z) 
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U^x 


z  = 


hL^  —  L\ 


(5) 


Using  the  values  above  given,  from  Equation  (5),  2;  =  2.64  in.  Note 
that  what  has  been  done  involves  the  assumption  of  a  new  L^  for  the 
D  line.  Since  the  unit  lengths  have  not  been  shown  on  the  diagram, 
no  confusion  will  be  caused  thereby. 


8  7  6  5    4     3        2 

L^  -  4.07  in.- 


8    6  5  4     3      2 


< y^ L'q  •  3.00  in. — > 

m////////LJnnlnn 


m///////LJmh,nlin 


1 1  n  \  \ 


98765          4           3                 2 
Slide-Rule -4.92  in. 


V////////  /  /  Llininin,  ,ln, 


9     8      7      6        5  4  3  2  1.5 


/  /  /  f  r  r 


V////////  /  /    L,/„nLnl, ,,,!,,,  ,  I  ,    , 


i-JL 


9      8        7 


4  3 

Fig.  43 


1.5 


The  determination  of  the  value,  Dq,  to  be  written  at  the  zero  point 
of  the  D  line,  has  involved  both  the  coefficient  and  exponent  of  the  D 
factor  in  Equation   (2).     The  general  condition  to  be  satisfied  here  is 

log.  Ka  +  h  (log.  D,)=0 (6) 

From  Equation  (4),  &  =  2,  and  we  have  already  found  that  Z>o  =  11.38. 
Making  these  substitutions  in  Equation   (6),  we  obtain  iCd  =  0.007729. 
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It  now  becomes  necessary  to  write  Equation  (4)  in  such  a  way  that 
this  special  value  of  K^  appears  as  the  coefficient  of  D^.  Equation  (4), 
therefore,  is  transformed  to 

Q  =  0.007729  Z)2  X  0.7057  V (7) 

We  next  have  Ly  {=  L\)  = — ,  from  which,  with  the  foregoing  values, 

L\  =  6.33  in.  The  value  to  be  written  at  the  intersection  of  the  BS 
and  V  lines  and  the  distance  from  this  intersection  to  the  end  of  the 
nearest  L\  space  are  determined  as  with  the  D  line.     Vq  is  found  to 


Fig.  44 


Fig.  45 


l/ 


y\ 


Fig.  46 


Q 

Dx               H, 

<?. 

Fig.  47 


• » ►' »— — ^ 


Fig.  48 


Fig.  49 


equal  1.417,  and  the  distance  up  to  the  point  marked  I  is  0.96  in.  From 
this  point  the  L\  spaces  are  laid  off  upward  and  downward.  Less  than 
two  such  spaces  are  needed  in  the  present  diagram. 

For  subdividing  the  spaces,  L'q,  L'd,  etc.,  the  construction  shown  in 
Fig.  43  may  conveniently  be  used.  A  right  triangle  is  drawn  with  a 
base  of  any  convenient  length  and  an  altitude  equal  to  the  longest  of 
these  spaces,  in  the  present  case  L\,    On  the  hypotenuse  are  chosen 
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points  at  distances  from  the  base  equal  to  the  various  lengths  to  be 
subdivided  and  also  to  the  unit  length  of  an  ordinary  slide-rule.  Lines 
are  drawn  from  these  points  perpendicular  to  the  base,  and  the  line 
corresponding  to  the  slide-rule  is  divided  as  on  that  instrument.  A 
series  of  lines  through  these  points  of  division  and  the  vertex  of  the 
triangle  will  subdivide  the  other  lines  proportionately.  The  subdivisions 
are  finally  transferred  to  the  nomograph. 


Fig.  60 

To  consider  the  case  where  one  or  more  of  the  various  factors  are  less 
than  unity.  Figs.  44  to  52  show  the  nine  possible  positions  of  the  straight- 
edge, or  isopleth,  L  M.  With  each  scale  {Q,  D,  H,  or  V)  increasing  in 
the  same  direction  both  below  and  above  the  line,  B8,  the  numerical 
value  of  the  logarithm  of  any  quantity  read  off  on  the  diagram  is  al- 
ways proportional  to  the  distance  between  the  point  read  and  the  BS 
line.     In  the  general  Equation  (1),  in  solving  for  the  Q  factor,  if  its 


t — a — ** 9 » 

^ Q, D[ E,—^ 

n 2 2 H_5 


Fig.  51 


Fig.  62 


logarithm  is  plus  and  the  logarithms  of  the  other  two  factors  are  one 
plus  and  the  other  minus,  the  logarithm  of  the  Q  factor  will  be  numer- 
ically equal  to  the  difference  between  the  other  two.  This  corresponds 
to  Figs.  44,  48,  49,  and  52.  The  same  thing  is  true  if  the  logarithm  of 
the  Q  factor  is  minus  and  the  other  two  logarithms  are  one  plus  and  the 
other  minus.  This  corresponds  to  Figs.  45,  46,  47,  and  50.  If  all  the 
logarithms  are  negative,  the  logarithm  of  the  Q  factor  is  numerically 
equal  to  the  sum  of  the  other  two;  this  corresponds  to  Fig.  51.  This 
last  case  is  entirely  similar  to  that  already  discussed,  where  all  the 
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logarithms  are  positive.  Cases  where  one  or  more  of  the  logarithmic 
factors  become  equal  to  zero,  may  be  treated  as  special  cases  under  some 
of  those  previously  mentioned. 

To  justify  the  diagram  for  the  cases  shown  in  Figs.  44,  50,  and  52, 
it  is  necessary  to  show  for  each  only  that 

QQ^  =  ±  (^h  HB^  —  n^  DD,) 

With  Figs.  44  and  50  we  may  write 

QQ,  +  HH,       QQ,  +  DD, 


i^  +  y 


from  which,   QQ^=  —  HH^ 

y 

with  Figs.  45  to  49  and  52, 


{x  +  y) 


y 


DD^  =  ni,niI^  —  niDD^,  and 


QQ,  +  HE,  (QQ,  +  DD,)  {DD,  +HE,) 

{x-\-y)= X  -\ I/, 


{x  +  y) 
from  which,  QQ^  = DB^ 

y 


BB^  =  rid  BD^  —  n^  BB^. 


y 


W.  M.  Eliot. — The  author  has  opened  a  new  field  to  those  engineers 
who  hitherto  have  been  unacquainted  with  this  method  of  platting.  As 
a  general  rule,  any  formula  can  be  solved  with  nomographs  by  the 


m  rows 


Fig.  53 

elimination  of  one  variable  at  a  time.  In  an  equation  with  several  in- 
dependent variables,  however,  it  happens,  frequently,  that  results  are 
wanted  for  a  few  values  only  of  one  or  more  of  them.  The  solution 
of  the  formula  by  using  a  nomograph  can  be  made  much  simpler  in  this 
case  by  platting  the  few  values  required  on  the  same  graph. 

As  an  illustration,  in  a  recent  issue  of  a  technical  publication  there 
appeared  the  following  formula  for  the  approximate  number  of  rivets 
required  in  an  eccentric  connection  (Fig.  53)  : 


n 


^ 


mp 
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n  =  number  of  horizontal  rows  of  rivets ; 
m  ■=  number  of  vertical  rows  of  rivets; 
p  =  vertical  rivet  spacing; 
d  ^  horizontal  rivet  spacing; 
L  z=i  eccentricity  of  load,  W; 

K  =  ratio  of  load  to  the  allowable  rivet  stress  = 


W 

8^ 


For  ordinary  detailing,  values  of  m  =  1,  2,  3,  or  4,  and  p  =  2^  or  3 
in.,  will  be  sufficient  to  cover  most  cases. 
The  formula  will  be  divided  into  two  parts : 


6L-\-md 


V 


-,  and  w  =  V  J^  U.  V 
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Fig.  54 

A  nomograph  will  be  made  first  for  the  solution  of  U,  and  then  one 
for  n. 

6L-\-2d 
U  = ,  when  m  =  2,  and  p  ==  2^ 

2  X  2^/4 

5  3  1 

-U  =  -L  +  -d. 
8  4         4 
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On  the  base  line  (Fig.  54),  AB  =  V4.AC.  The  scale  for  m  =  2,  p  = 
2^,  is  five-eighths  of  that  used  for  L  and  d.  Other  values  of  TJ  are 
similarly  platted. 

Scales  tl,  Ky  and  n,  are  platted  logarithmically  (Fig.  55),  lines  for 
TJ  and  K  being  equidistant  from  n. 

Given  K  =  9^/4,  L  =  1S  in.,  m  =  4,  p  =  3,  and  d  =  3,  to  find  n.  On 
Fig.  37,  place  a  straight-edge  on  18  in.  (L)  at  the  left  and  on  3  in.  (d) 
at  the  right;  read  10.0  {U)  on  the  line,  m  =  4,  right  side  p  =  3  in.  On 
Fig.  38,  place  a  straight-edge  on  10.0  {U)  at  the  left,  and  on  91^  {K) 
at  the  right;  read  9.7  (n).  Use  four  vertical  rows  of  rivets,  ten  in  each 
row.  By  this  method,  an  expression  containing  six  variables  is  solved 
for  certain  values  with  two  nomographs. 


=30 

—30- 

30=1 

=-20 

^20 

20-= 

E-16 

E-16 

16-E 

E-12 

5-12 

12-E 

" 

HT""*^" 

■"*"" 

s    ~ 

—  8 

—  8 

r- 

fe 

— to 

—  « 

t  "" 

— 

— 

3       ~ 

4 

—  4 

1-4-1 

- 

- 

w    - 

^~ 

" 

VALUES  OF  n 
Fig.  55 


4W' 


Fig.  66 


One  of  the  main  advantages  of  the  nomograph  is  the  few  lines  re- 
quired to  represent  a  formula.  On  this  account,  several  results  may 
often  be  shown  on  the  same  plat.  The  stresses  in  a  roof  truss  (Fig.  56) 
of  any  slope  and  panel  loading  may  be  ascertained  by  the  same  general 
method  as  that  used  by  the  author  for  stresses  in  pins.  As  it  is  im- 
practicable to  use  a  separate  graph  for  each  member,  they  have  been 
combined  as  shown  in  Fig.  57,  two  scales  being  used  to  give  greater 
accuracy  in  the  results.  The  stress  in  m  1  for  a  panel  load  of  2,000  lb., 
bevel  of  top  chord  6  in  12,  is  14,000  lb. 

Other  simple  types  of  trusses  have  been  similarly  platted  by  the 
writer,  but  are  not  reproduced  here,  as  the  method  is  the  same  for  all. 
By  the  use  of  these  graphs,  and  diagrams  of  an^jles  platted  for  strength 
in  compression  for  different  lengths,  and  for  tension  values  with  the 
proper  size  and  number  of  holes  deducted,  it  takes  only  a  few  minutes 
to  ascertain  the  make-up  of  a  roof  truss  for  an  ordinary  mill  building. 
An  excess  vertical  load  is  assumed  to  take  care  of  wind  stresses,  but 
this  need  not  be  the  same  for  all  members. 

The  two  nomographs  which  follow,  though  only  for  stresses  of  650 
and  16,000  lb.  per  sq.  in.  on  the  concrete  and  steel,  respectively,  give 
more  direct  results  than  the  one  proposed  by  the  author.     The  diagram, 
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Fig.  58,  gives  the  size  of  beam  and  area  of  steel  required  to  resist  a 
given  moment,  when  the  concrete  and  steel  are  each  stressed  to  the 
working  limit.     For  the  case  shown,  a  moment  of  428,000  in-lb.  requires 
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c 


—24 
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CHART  FOR 
STRESSES  IN  FINK  TRUSS 


Fig.  57 


a  beam  10  by  20  in.  (effective  depth),  and  an  area  or  steel  =  1.54  sq.  in. 
Often  the  size  of  beam  is  fixed,  and  it  is  desired  to  know  the  quantity 
of  steel  required  for  a  given  resisting  moment.  This  is  given  by  the 
nomograph,  Fig.  59;  the  resisting  moment  is  determined  by  the  steel 
being  stressed  to  the  working  limit  for  values  of  p  less  than  0.0077,  and 
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by  the  concrete  for  values  of  p  greater  than  0.0077.  Given  a  beam,  10 
by  20  in.  (effective  depth)  to  resist  a  moment  of  30,000  in-lb. :  Place 
a  straight-edge  on  the  moment  35,000  lb.  (for  1  in.  in  width)  and  on 
d  =  20 ;  read  p  =  0.0062.  Area  of  steel  required  =  p  h  d^=  1.24  sq.  in. 
One  designing  many  beams  can  well  afford  to  make  similar  nomographs 
for  the  stresses  he  uses,  as  little  time  is  required. 
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Fig,  58 

The  diagram,  Fig.  60,  gives  the  dimensions  of  a  yellow  pine  beam 
directly,  when  the  moment  is  known.  If  the  total  uniform  load  and 
span  are  given,  two  isopleths  are  required  to  ascertain  the  size  of  beam. 
In  the  example  shown,  a  load  of  19,000  lb.  on  a  span  of  20  ft.  requires 
a  beam  10  by  16  in.  (actual  size  9^  by  15^  in.).  The  moment  itself 
need  not  be  read. 
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The  pitch  of  rivets  connecting  the  web  and  flange  of  a  plate  girder 
<see  Fig.  61)  is  given  approximately  by  the  formula: 


10  p 


> 
V 

10  B 


or, 


h 


80— 


fc=    6501b.  per  sq. 
/,=160001b.per8q.  in. 
»=15 
ft=l  in. 


24-j   II 


-96 


CHART  FOR 
REINFORCED  CONCRETE  BEAMS, 
RESISTING  MOMENTS  UNEQUAL. 


Fig.  59 


The  isopleths  joining  p  and  h  and  B  and  V,  intersect  on  the  diagonal 
line  for  Q  connecting  the  ends  of  the  scales.  Thus  the  pitch  is  2.8  in. 
for  a  vertical  shear  of  200,000  lb.  on  a  girder  having  an  effective  depth 
of  70  in.,  with  a  rivet  value  of  8,000  lb.  As  this  formula  gives  a  pitch 
that  is  a  little  low,  correction  can  be  made  to  some  extent  by  using  the 
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total  for  the  effective  depth  of  the  girder.     As  the  values  of  Q  are  not- 
platted,  nomographs  for  equations  of  this  type  are  easily  made. 


1200 


Fig.  60 


This  method  can  be  applied  in  the  same  way  to  more  complex  formulas,, 
such  as  that  for  the  deflection  of  beams  (Fig.  62). 

5WL^ 


384  E  I 
384X58,000  A  W 


or. 


100/ 


=  Q, 


when  £;  =  29,000,000  for  steel; 
A  =  deflection ; 
L  =  span ; 

T^  =  total  uniform  load; 
/  =  moment  of  inertia. 
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The  cubes  of  L  are  used,  and  the  beams  are  written  at  their  respec-" 
tive  moments  of  inertia  when  the  members  are  platted.     The  deflections 
for  a  concentrated  center  load  are  similarly  shown.     A  20-in.  I-beam 
of  65  lb.  per  ft.,  with  a  total  uniform  load  of  50,000  lb.  on  a  span  of 
25  ft.,  has  a  deflection  of  0.52  in. 


Fig.  61 


The  writer,  in  presenting  these  nomographic  solutions  for  formulas 
used  in  structural  engineering,  has  not  given  the  details  of  construc- 
tion in  each  case,  as  the  method  will  be  apparent  to  any  one  who  ha^ 
read  the  paper.  The  alignment  diagram  is  very  useful  in  this  field, 
even  though  many  of  the  formulas  are  readily  solved  by  direct  com- 
putation. It  would  seem  that  this  method  would  be  of  greatest  value^ 
however,  in  hydraulic  and  experimental  work,  where  fractional  expon- 
ents frequently  occur. 

The  author  has  ably  presented  this  method  of  solving  formulas.    The 
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System  has  heretofore  been  used  to  some  extent,  but  its  principles  have 
not  been  generally  understood. 

F.  W.  Green. — As  the  author's  presentation  of  this  subject  seems  to 
the  writer  to  leave  rather  too  much  for  the  reader  to  demonstrate  for 


Deflection,  in  inches,  for  uniform  load 


w        ^         «e    •    oo 


T — I — ri — \ — I    1    I   >  I  >  M  I  M'i'i'i 

LenfiTth  of  beam,  in  feet. 
CHART  FOR  DEFLECTION   OF  STEEL  BEAMS, 

Fig.  62 

himself,  the  following  discussion  will  be  addressed  to  clearness  of  pre- 
sentation rather  than  to  the  addition  of  anything  new. 
Assume  an  expression  of  the  form, 

Using  logarithms, 

log.  A-\-p  log.  X  —  log.  B  -\-q  log.  y  -{- r  log.  z  +  log.  C, 

in  which  A,  B,  and  C  are  constants,  x,  i/,  and  z  are  variables,  and  p,  q, 
and  r  are  exponents. 
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Dropping  the  constants  for  the  time  being, 

p  log.  x^=q log.  y  -^r  log.  z (1) 

which  will  be  considered  as  the  equation  for  which  a  nomograph  is  to  be 
constructed.  ' 

In  Fig.  63,  y,  x,  and  z  are  three  parallel  lines  the  scales  of  which  are 
arranged  so  as  to  satisfy  the  required  equation.  The  line,  A  B,  is  an 
isopleth.  The  arrangement  of  the  three  parallel  scales  in  such  a  way  as 
to  solve  such  an  equation  is  called  a  nomograph. 


r-B 


Fig.  63 
From  geometry,  fk  :a  :  :  x  :a-\-h, 


whence 

and,  similarly, 

whence, 


fk  = z, 

kl  :y  :  ih  :a-\-b, 

h 

U^ y. 

a-\-l 

As  fk-\-kl  =  X, 


therefore, 


^  + 


a  +  ^         a  +  & 


(2) 


Equation  (2)  shows  the  relation  of  the  scales  of  values  for  the  vari- 
ables, which  is  required  in  order  to  satisfy  the  given  equation. 
The  expression  assumed  was, 

Ax^^By'^Cz^ 

whereas  Equation  (2),  in  the  right-hand  member,  involves  addition  in- 
stead of  multiplication.  Therefore  logarithms  must  be  used  in  order 
to  make  Equation  (2)  applicable,  thus, 

log.  A  +  p  log.  X  =  log.  B  +  q  log.  y  -\-  log.  0  +  r  log.  z, 

which,  after  dropping  the  constants,  becomes, 

p  log.  x  =  q  log.  y-{-r  log.  z 

which  is  Equation  (1). 

Comparing  Equations  (1)  and  (2)  shows  that  it  is  necessary  to  de- 
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vise  a  method  of  converting  the  coefficients  of  z  and  y,  respectively,  in 
Equation  (2)  to  those  in  Equation  (1).  Therefore,  a  modulus  is  used, 
thus: 

a 
log.  2  mi  =  r  log.  Zy 

whence,  m^^r (3) 

a 

h 

log.  ym^  =  q  log.  y 

a+h 

whence,  m2  =  q (4) 

h 

Dividing  Equation  (3)  by  Equation  (4) 

nil       r{a-\-h)  Qi^  +  h)         hr 

-  = =  — (5) 

wig  a  h  aq 

By  inspection  of  Equation  (5)  it  is  seen  that  m^  and  m^  vary  as  a  and 
h,  respectively,  or 

aqmj^  =  h  rm^. 

Particular  attention  is  called  to  this,  which  is  the  fundamental  prin- 
ciple of  the  nomograph.  The  condition,  a  g  mj  =  &  r  m^,  must  be  sat- 
isfied in  every  case,  or  any  assumed  isopleth  fails  to  solve  the  given 
equation.  If  any  changes  occur,  either  in  a  or  &,  the  corresponding 
changes  must  be  made  in  the  other  factors.  Until  the  reader  has  a  clear 
conception  of  this  he  cannot  make  further  satisfactory  progress. 

To  illustrate  this  principle,  one  example  will  be  worked  out  in  de- 
tail. The  author  refers  to  a  modification  of  the  Williams-Hazen  formula 
as 

v  =  0.0796  (?<>•«« /lO" 

For  convenience  in  applying  the  formula,  this  will  be  written, 

a;  =  0.0796  2/'«3  ^^^ (6) 

Using  logarithms, 

log.  X  =  log.  0.0796  -f  0.63  log.  y  +  0.54  log.  z 
log.  X  —  log.  0.0796  =  0.63  log.  y  +  0.54  log.  z. 

a  and  h  may  be  assumed  as  having  any  arbitrary  value  whatever.  In 
this  case,  the  exponents  will  be  used  for  such  arbitrary  values,  and  it 
will  be  assumed  that  a  ^  63  and  h  =  54. 

Then,  from  Equation  (2), 

63  54 

log.  X  —  log.  0.0796  = log.  z  -I log.  y. 

117  117 
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Substituting  in  Equation  (5)  and  solving  for 


m. 


m. 


m. 


m. 


h  r       0.54  X  54       29.16 


a  q       0.63  X  63        39.69        1.361 


Draw  three  parallel  lines  for  the  x,  y,  and  z  scales,  respectively,  with 

63 
the  distance  from  y  to  x  = of  that  from  y  to  z.     If  the  highest 
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values  desired  are  for  y  =  60,  and  z  =  100,  an  isopleth  may  be  drawn 
across  these  scales  near  the  top  (as  the  line,  AB,  in  Fig.  46),  and  the 
intersection  with  y  marked  60  and  that  with  z  marked  100.  Substitut- 
ing these  values  in  Equation  (6)  and  solving  for  x,  gives  re  =  12.62, 
which  value  is  marked  on  the  x  scale,  similarly. 

Next  make  a  table   (Table  1)  in  order  to  obtain  values  for  plotting 
the  various  scales. 

TABLE  1. 


mj  log.  y 

Wi  log.  z 

y 

log.t/ 

=  1.361  log.  2/ 

3 

log.  2! 

=  1  log.  z 

X 

log.x 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

60 

1.778 

2.420 

100 

2.000 

2.000 

12.62 

1.101 

50 

1.699 

2.312 

90 

1.954 

1.954 

12.00 

1.079 

40 

1.602 

2.180 

80 

1.903 

1.903 

11.00 

1.041 

30 

1.477 

2.008 

70 

1.845 

1.845 

10.00 

1.000 

20 

1.301 

1.770 

60 

1.778 

1.778 

9.00 

0.954 

10 

1.000 

1.361 

50 

1.699 

1.699 

etc. 

etc. 

9 

0.954 

1.298 

40 

1.602 

1.602 

.... 

.... 

8 

0.903 

1.228 

30 

1.477 

1.477 

.... 

.... 

7 

0.845 

1.150 

20 

1.301 

1.301 

.... 

6 

0.778 

1.058 

10 

1.000 

1.000 

.... 

.... 

5 

0.699 

0.952 

9 

0.954 

0.954 

.... 

.... 

4 

0.602 

0.820 

etc. 

etc. 

etc. 

.... 

3 

0.477 

0.649 

.... 

.... 

2 

0.301 

0.410 

.... 

.... 

.... 

1 

0.000 

0.000 

■*1 

0.000 

0.000 

1.00 

0.666 

Using  any  convenient  scale  (as  the  20th)  plot  the  values  of  y  from 
the  items  in  Column  (3),  and,  similarly,  with  the  same  scale,  plot  the 
values  of  z  from  the  items  in  Column  (6). 

Using  the  same  scale,  the  values  of  log.  x  —  log.  0.0796  are  plotted 
as  follows : 

log.  12.62  =  1.101 

log.    0.0796  =  2.901  =  —  2  +  0.901  =  —  1.099 
log.  12.62  —  log.  0.0796  =  1.101  —  (—  1.099 )  =  2.200 
The  point  on  the  x  scale  where  log.  x — log.  0.0796  ==1  is,  therefore, 
2  200  units  beluw  the  isopleth  intersecting  the  x  scale  at  a  value  for 
X  =  12.62 ;  but,  as  it  is  necessary  to  plot  values  of  x,  and  not  values  of 

X 

,  the  point  must  be  found  which  indicates  x^l.     Accordingly, 

0.0796 

the  value  of  log.  0.0796   is  subtracted  by  adding  1.099   to  the   point 
(2,200  units  below  the  value  of  ic  =  12.62)  where  log.  ic  — log.  0.0796 


410 


HOW  TO  MAKE  AND  USE  GRAPHIC  CHARTS 


=  1.     IMarking  this  latter  point  1,  the  values  are  scaled  from  the  items- 
in  Column  (8). 

In  any  case,  the  numerical  coefficients  of  any  of  the  variables  may  be 
treated  in  a  similar  way.  The  method  of  working  with  exponents  has- 
already  been  developed  quite  fully.  Fig.  64  is  the  chart  made  from 
the  foregoing  description. 


^M. 


60 
40 

90- 


I 

1-5 

If 


7 
6 


H 


CHART 

OF  THE  FORMULA 

V  =  0.0796dO.*»^«•H 


Fig.  64 

What  Chaxt  to  Use.  It  is  not  possible  to  lay  down  any  hard  and 
fast  rules  for  determining  what  chart  is  the  best  for  any  given  problem. 
Ordinarily  that  one  is  the  best  which  will  produce  the  quickest  and  clear- 
est results,  but  unfortunately  it  is  not  always  possible  to  construct  the 
clearest  one  in  the  least  time.  Experience  is  the  best  guide.  Generally 
speaking,  a  rectilinear  chart  is  best  adapted  for  equations  of  the  first 
desrree,  logarithmic  for  those  other  than  the  first  degree  and  not  con- 
taining over  two  variables,  and  alignment  charts  where  there  are  three 
or  more  variables.  However,  nearly  every  person  becomes  more  or  less 
familiar  with  one  type  of  chart  and  prefers  to  adhere  to  the  use  of 
that  type  because  he  does  not  care  to  take  the  time  and  trouble  to  find 
out  how  to  use  the  others.  It  is  best  to  know  what  the  possibilities  of  all 
types  are  and  to  be  governed  accordingly  when  selecting  one  or  the  other 
for  presenting  or  working  out  certain  data. 

Fiirs.  65,  66,  and  67  are  examples  of  three  methods  of  determining  the 
number  of  feet,  board  measure,  in  timbers.  On  Fig.  65  it  will  be  noted 
that  each  of  the  curves  has  a  different  curvature,  necessitating  the  plot- 
ting of  several  points  to  determine  each  one,  a  laborious  task.     It  re- 
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quired  25  mins.  to  make  Fig.  66  on  logarithmic  paper,  the  lines  all 
being  parallel  and  at  45°.  The  alignment  chart,  Fig.  67,  once  con- 
structed, is  the  simplest  to  use  and  the  time  to  construct  it  would  de- 
pend largely  upon  one's  familiarity  with  the  method.  There  is  con- 
siderable computation  necessary  to  determine  the  proper  spacing  of  the 


/f/ow    Iff  fffcHa 
7  8.  3. 


iO.  7B.  80         30        m. 

,  tfuMBt/i  Of  Boneo  Fai 

Fig.  65 

axes,  the  best  selection  of  the  scales  and  the  marking  off  of  the  scale 
divisions  after  they  have  been  decided  upon. 

Diagrams  for  Obtaining  Number  Feet  B.M.  in  Various  Timbers. 
Fig.  65  and  the  following  explanation  of  its  use  are  from  Engineering 
and  Contracting,  November  22,  1916.     W.  R.  Roof  is  the  author. 
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Find  the  number  of  board  feet  in  a  piece  of  timber  8  in.  x  10  in.  x  18 
ft. :  First,  read  down  from  top  of  diagram  on  line  corresponding  to  8-in. 
width.  Second,  read  to  right  from  left  hand  side  of  diagram  on  line 
corresponding  to  10-in.  depth.     Third,  from  intersection  of  these  two 


O'tf     »•     «       «9         ^  « 


lines,  follow  curve  until  it  intersects  horizontal  line  corresponding  to 
18-ft.  length.  Fourth,  from  this  intersection  read  downward  to  bot- 
tom of  diagram,  at  which  place  the  number  of  board  feet  is  found  to  be 
120. 
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Fig.  66  and  the  description  of  its  use  were  prepared  by  James  M. 
Kingsley.  The  following  formula  indicates  the  steps  taken  in  calculat- 
ing the  number  of  feet  board  measure  in  a  timber.  ^ 

1 
WT  X  —  X  L  =  Feet  B.M. 
12 

In  which     W  =  width  in  inches 

T  =  thickness  in  inches 
L^  length  in  feet. 

This  is  a  simple  process  of  multiplication  and  division  and  is  there- 
fore easily  reduced  to  a  straight  line  chart  on  logarithmic  cross-section 
paper. 

In  order  to  show  the  manner  in  which  the  chart  is  used,  consider  a 
typical  case. 

Find  the  number  of  feet  board  measure  in  a  timber  8  in.  x  10  in.  x  18 
ft.  long. 

Enter  chart  on  left,  at  point  indicating  8  in.  width  and  follow  hori- 
zontal line  to  the  right  to  the  inclined  line  for  10  in.  thickness.  From 
the  intersection  of  these  lines  follow  the  vertical  line  down  to  the  in- 
clined line  marked  12  (to  divide  the  product  W  X  T  by  12 — read  6.7  ft. 
B.M.  on  left  hand  margin).  From  this  intersection  follow  the  hori- 
zontal line  to  the  inclined  line  marked  18  and  from  this  intersection 
follow  the  vertical  line  down  to  bottom  of  the  chart  to  find  the  result, 
120  ft.  B.M. 


1 


:j 


-200 

4-30O 


-2000 
-300O 
■-400O 


Fig.  67 


Fig.  67  with  the  following  are  taken  from  the  Woodworker,  Septem- 
ber, 1917.  Lay  a  straight-edge  across  the  chart  twice,  as  indicated  by 
the  dotted  lines,  and  the  board  feet  are  found  without  any  multiplying, 
dividing  or  bothering  with  converting  inches  into  feet,  etc. 

For  example,  how  many  board  feet  in  a  timber  10-ft.  long,  6-in.  wide 
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and  4-in.  thick?  Run  a  straight  line  from  the  10  (column  A)  to  the  6 
(column  D)  and  locate  the  intersection  with  column  B.  Then  from 
that  point  of  intersection  run  over  to  the  4  (column  D  again),  and  the 
answer  (20  board  feet)  is  found  in  the  intersection  with  column  C. 

If  the  timber  is  square  in  section  one  operation  is  sufficient,  and  the 
answer  is  immediately  found  in  column  C.  For  example,  take  a  timber 
10-ft.  long  and  6-in.  square.  The  dotted  line  drawn  from  the  10  (column 
A)  to  the  6  (column  D)  solves  the  problem  alone,  and  the  answer  in 
column  C  is,  30  board  feet. 

Some  Uses  for  the  Polar  Chart  in  Computing.  The  following  is  from 
a  letter  by  S.  G.  Haverstick  to  Coal  Age,  July  7,  1917. 

I  noticed  the  inquiry  of  ''Surveyor,"  Coal  Age,  June  2,  p.  970,  in 
regard  to  the  calculation  of  room  centers  when  the  rooms  are  turned  at 
an  angle  with  the  entry  or  gangway,  and  thought  it  would  be  of  in- 
terest to  the  readers  of  Coal  Age  to  submit  a  diagram  or  chart  that  I 
designed  some  years  ago  for  a  similar  purpose.  Since  that  time  it  has 
been  in  constant  use  by  the  engineers  of  many  coal  companies. 


*  >^ 


Fig.  68 — Handy  Chart  for  Mining 
Engineers 

As  shown  in  Fig.  68,  this  chart  consists  of  horizontal  and  vertical 
lines  spaced  at  regular  distances  apart  and  crossed  by  arcs  of  concentrie 
circles  and  diagonal  lines,  the  latter  radiating  from  the  common  center 
of  the  arcs  and  spaced  5  deg.  apart,  marking  angles  from  0  to  90  degrees. 

This  chart  can  be  used  in  a  number  of  ways,  as  for  instance,  where 
it  is  necessary  to  find  the  pro.jection  of  a  given  line  on  another  when 
the  angle  between  the  two  is  known.  Thus,  it  is  useful  in  finding  the 
latitude  and  departure  for  any  given  course  in  surveying.  It  has,  be- 
sides, a  convenient  application  in  ascertaining  quickly  the  distance 
apart  of  room  centers,  measured  on  the  entry,  when  the  rooms  make 
a  eriven  angle  with  the  entry,  to  provide  for  a  certain  width  of  room 
and  pillar. 

For  example,  in  the  inquiry  to  which  I  have  referred  the  distance 
between* room  centers  measured  on  the  entry  is  given  as  55  ft.,  and  the 
rooms  make  an  angle  of  50  deg.  with  the  entry.     Hence,  to  find  the 
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perpendicular  distance  between  room  centers  by  means  of  the  chart, 
in  this  case,  follow  the  radius  marked  50  deg.  to  its  intersection  with 
the  circle  whose  radius  is  55  ft.  From  this  intersection  follow  the  hori- 
zontal line  to  the  scale  on  the  left,  which  shows  the  perpendicular  dis- 
tance between  room  centers  to  be  42  ft. 

When  the  desired  width  of  room  and  pillar  and  the  angle  the  rooms 
make  with  the  entry  are  known,  and  it  is  required  to  find  the  distance 
between  centers  measured  on  the  entry,  it  is  clear  that  the  order  just 
given  must  be  reversed.  For  example,  in  this  case,  first  follow  the  hori- 
zontal line  corresponding  to  the  given  width  of  room  and  pillar  (42  ft.), 
as  indicated  by  the  scale  on  the  left  of  the  diagram,  to  its  intersection 
with  the  radial  line  marked  50  deg.  Then,  follow  the  arc  of  the  circle 
that  would  pass  through  this  intersection  to  either  scale  on  the  margin 
of  the  diagram,  and  the  reading  of  the  scale  will  be  the  required  dis- 
tance between  room  centers  measured  on  the  entry. 

When  surveying  a  mine  the  same  chart  can  be  used  to  find  the  latitude 
and  departure  of  any  course.  In  that  case,  follow  the  radial  line  marked 
with  the  bearing  of  the  course  to  its  intersection  with  the  arc  indicating 
the  length  of  the  course,  and  from  this  intersection  follow  the  vertical 
and  horizontal  lines  respectively  .to  the  scales  at  the  top  and  the  left  side 
of  the  diagram.  The  scale  at  the  top  of  the  diagram  will  show  the  lati- 
tude  and  that  at  the  left  the  departure  of  the  given  course. 

In  the  solution  of  any  right  triangle  the  diagonal  line  corresponding 
to  the  given  angle  is  the  hypotenuse  of  the  triangle,  its  length  being 
marked  by  the  arc  corresponding  to  the  length  of  the  hypotenuse.  The 
two  scales  at  the  top  and  side  of  the  diagram  respectively  will  then  give 
the  corresponding  lengths  of  the  two  sides  of  the  triangle. 

The  Use  of  Diagrams  in  Chemical  Calculations.  The  following  ar- 
ticle by  IT.  S.  Deming,  published  March,  1916,  in  the  Journal  of  Indus- 
trial and  Engineering  Chemistry  is  given  as  an  excellent  demonstration 
of  how  chart  calculations  may  be  utilized. 

The  use  of  charts  or  diagrams  for  the  solution  of  arithmetical  problems 
is  well  known  to  the  engineering  profession,  and  several  books  have 
been  written  on  the  subject.  Thus  we  have  the  graphical  representa- 
tion of  forces  and  moments,  Kutter's  formula  for  the  flow  of  water,  in- 
dicator diagrams  for  steam  engines,  and  vector  diagrams  for  the  dia- 
grammatic representation  or  graphical  solution  of  problems  in  alternat- 
ing current  theory.  In  metallurgy  we  have  diagrams  for  the  repre- 
sentation of  the  composition  of  slags ;  in  chemistry  the  familiar  rec- 
tangular and  triangular  diagrams  for  the  representation  of  the  phase 
relations  between  Ihe  members  of  two-component  and  three-component 
systems;  and,  in  chemical  technology,  diagrams  for  the  calculation  of 
mixtures  for  the  manufacture  of  cement. 

In  spite  of  such  scattering  instances  of  the  use  of  graphical  methods 
in  industrial  chemistry,  it  appears  that  chemists  do  not  in  general  take 
advantage  of  the  really  remarkable  opportunities  that  the  use  of  dia- 
grams presents  for  the  quick  solution  of  chemical  problems  met  in  every- 
day work;  and  but  little  systematic  study  of  the  possibilities  of  the 
graphical  method  in  chemistry  has  ever  been  published.  The  diagrams 
that  are  presented  are  selected  from  among  a  large  number  devised  by 
the  writer  with  a  view  to  illustrating  some  of  the  principal  computations 
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that  may  be  solved  by  graphical  means;  they  indicate  at  the  same  time 
what  a  great  variety  of  problems  are  susceptible  to  such  treatment,  and 
what  diverse  types  of  diagrams  may  be  used.  It  is  hoped  that  those 
presented  may  suggest  others  better  adapted  to  the  individual  needs  of 
the  readers  of  this  Journal ;  for  this  reason  it  will  be  necessary  to  men- 
tion the  mathematical  principles  on  which  the  construction  of  the  dif- 
ferent types  of  charts  is  based ;  but,  since  we  are  concerned  rather  with 
general  principles  than  with  details  of  execution,  we  can  do  no  more 
than  refer  to  many  interesting  charts  that  differ  from  those  here  given 
in  but  a  few  particulars. 

It  is  evident  that  any  relation  capable  of  exact  mathematical  expres- 
sion may  be  given  in  graphical  form.  There  are,  in  fact,  many  methods 
that  might  be  used  in  any  particular  case.  Considerations  of  ease  of 
construction  and  accuracy  of  reading  must  determine  which  of  the  dif- 
ferent possible  charts  is  the  one  to  be  employed;  or  whether  the  desired 
result  may  not  be  most  easily  obtained  by  calculation  with  a  slide-rule 
or  by  direct  reading]:  from  a  table. 

The  ordinary  slide-rule  is  accurate  to  within  about  1  part  in  500, 
and  the  ordinary  chart  to  within  about  1  part  in  250.  The  graphical 
method  has  the  advantage  that  it  can  cover  many  complicated  formulas 
involving  operations  impossible  with  a  slide-rule;  and  a  combination 
of  slide-rule  and  chart  will  in  many  cases  effect  the  greatest  saving  of 
time.  For  problems  that  demand  a  degree  of  precision  not  to  be 
reached  by  the  use  of  graphical  methods,  the  latter  often  still  afford  a 
ciuick  and  convenient  means  of  checking  results,  a  fact  which  will  lead 
lis  to  consider  one  or  two  charts  that  we  should  otherwise  regard  as  of 
little  practical  use. 

'  The  familiar  type  of  diagram,  in  which  two  variables  are  laid  off 
along  perpendicular  axes  on  cross-section  paper  and  the  relation  be- 
tween them  expressed  by  means  of  a  curve,  serves  principally  for  the 
graphical  representation  of  experimental  results,  presenting  to  the  eye 
in  an  easily  comprehensible  form  a  collection  of  data  that  could  not  be 
so  easily  interpreted  if  given  in  a  table.  But,  as  a  means  of  computa- 
tion, charts  of  this  form  are  of  rather  limited  use,  for  the  reason  that 
the  relation  between  two  variables  may  generally  be  expressed  most 
conveniently  and  accurately  in  the  form  of  a  table.  It  is  only  where 
the  precise  mathematical  relation  between  two  variables  is  unknown  or 
very  complicated,  or  where  more  than  two  variables  enter  that  it  may 
be  worth  while  to  construct  a  diagram  to  save  a  part  of  the  labor  in- 
volved in  drawing  up  a  table. 

As  an  example  of  the  simplest  chart  of  this  des(?ription  let  us  con- 
sider the  conversion  of  a  temperature  reading  in  Centrigrade  degrees 
into  degrees  of  the  Fahrenheit  scale,  according  to  the  equation 

2^  =  9/50  +  32. 

This  relation  may  be  expressed  as  a  straight  line  inclined  to  the  hori- 
zontal axis  at  an  angle  whose  tangent  is  9/5,  and  cutting  the  vertical 
axis  32  units  above  the  origin.  This  chart  is  shown  in  Fig.  69,  its  use 
being  self-explanatory.  It  is  evident  that  any  other  relation  between 
two  variables  that  can  be  put  into  the  form 
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can  be  expressed  in  a  diagram  of  this  type.  In  practice  such  a  chart 
is  best  constructed  by  locating  two  points  by  calculation,  then  passing 
through  them  a  straight  line  of  indefinite  length.  The  best  sort  of  cross- 
section  paper  to  use  is  that  having  heavily  ruled  square-centimeter 
divisions,  with  square-millimeter  subdivisions  (the  so-called  standard 
millimeter  cross-section  paper). 
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When  the  constant  &  in  the  above  equation  becomes  zero  we  have  a 
simple  proportionality  between  the  two  variables.  Problems  of  this 
sort  are  best  solved  with  a  slide-rule,  where  the  quantity  a  is  a  real  con- 
stant, invariable  from  problem  to  problem.  But  where  a-  may  have 
different  values  we  make  use  of  one  of  the  types  of  charts  illustrated 
in  Figs.  70  and  71,  which  will  be  called  radial  charts,  because  they  are 
characterized  by  a  series  of  axes  and  construction  lines  that  radiate 
from  the  lower  left-hand  corner. 
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In  Fig:.  70  we  have  a  chart  for  the  conversion  of  a  given  weight  of 
one  compound  into  the  equivalent  weie:ht  of  another.  In  constructing 
this  chart  distances  were  first  measured  to  the  right  along  the  horizontal 
axis,  each  equal  (in  centimeters)  to  one-fifth  the  molecular  weight  of 
some  definite  compound.  From  the  points  thus  located  vertical  axes 
were  erected  and  labeled  with  the  formulas  of  the  comppund  or  ele- 
ments to  which  they  correspond.     Thus  the  axis  for  magnesium  oxide 
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is  placed  1/5  X  40.32  =  8.06  cm.  to  the  right  of  the  vertical  axis;  along" 
the  left  side  of  the  chart  is  laid  down  a  scale  of  weights,  each  cm.  being: 
equivalent  to  10  m^. 

If  it  be  required  to  convert  100  mg.  of  potash  into  its  equivalent 
weight  of  carbon  dioxide,  locate  a  point  A  on  the  KM  axis,  correspond- 
ing to  100  mg.  wt.  Connect  this  point  with  the  origin  of  0.  Notice 
that  the  CO.^  axis  is  crossed  at  an  elevation  corresponding  to  47  mg., 
the  equivalent  of  100  mg.  of  potash. 

An  axi^  at  the  right-hand  margin  of  the  chart,  20  centimeters  from 
the  origm,  gives  the  number  of  millimols  of  the  substances  concerned.. 
Thus,  in  the  problem  we  have  just  been  considering,  the  dotted  construc- 
tion line  cuts  this  axis  at  1.06,  the  molecular  equivalent  of  100  mg.  of 
potash  or  47  mg.  of  carbon  dioxide.  It  is  apparent  that  the  construction 
line  OA  need  not  actually  be  drawn,  it  being  sufficient  to  lay  a  transpar- 
ent straight-edge  on  the  chart  to  connect  the  points  A  and  0. 

A  chart  of  this  kind  might  be  used  for  calculating  the  weight  of 
oxygen  needed  to  burn  a  fuel  of  a  given  composition,  the  weight  of  silica 
necessary  for  combination  with  a  mixture  of  basic  oxides,  or  in  general 
the  weight  of  any  one  substance  needed  to  react  with  definite  weights 
of  one  or  several  others.  Since  the  volume  occupied  by  a  given  weight 
of  a  gas  is  inversely  proportional  to  its  molecular  weight,  we  may  use 
the  same  chart  in  calculating  the  volumes  corresponding  to  definite 
weights  of  different  gases,  an  additional  axis  in  this  case  being  erected 
22.38  cm.  to  the  right  of  the  origin,  since  the  gm.-mol.  volume  of  gases 
is  22.38  1.,  and  the  oz.-mol.  volume  (by  a  happy  accident)  is  very  closely 
22.38  cu.  ft.  If  the  weight  of  the  gases  be  expressed  in  grams,  their 
volume,  read  from  the  volume-axis,  will  be  given  in  liters;  if  their 
weight  be  given  in  ounces  their  volume  will  be  in  cubic  feet.  Each 
centimeter  of  distance  along  the  volume-axis  will  represent  2  units  of 
volume,  this  being  dependent  on  the  scale-units  used  in  graduating  the 
horizontal  and  vertical  axes.  A  chart  derived  from  that  just  discussed 
may  be  used  for  converting  solutions  of  one  strength  of  specific  gravity 
into  equivalent  weights  or  volumes  of  another  strength.  In  Fig.  71 
weisjhts  in  lbs.  or  kg.  are  plotted  along  a  horizontal  axis,  and  percent- 
agres  of  sulfuric  acid  along  a  vertical  axis  at  the  right-hand  edge  of  the 
diagram.  Specific  gravities  or  degrees  Baume  may  conveniently  be 
laid  off  along  the  vertical  scale  as  well. 

Let  it  be  required  to  find  what  weight  of  acid  of  66°  B.,  corresponds. 
to  1430  lbs.  of  acid  of  60°  B.  Draw  lines  connecting  the  origin  at  0 
with  the  points  corresponding  to  60°  and  66°  B.  From  the  point  M 
corresponding  to  1430  lbs.  pass  vertically  to  the  60°  line  at  M\  thence 
horizontally  to  intersect  the  66°  line  at  iV',  thence  downward  to  N,. 
where  we  read  1190  lbs.  of  66°  acid. 

A  slight  modification  of  this  chart  will  enable  us  to  calculate  volumes. 
At  the  left  edge  of  the  diagram  lay  down  a  scale  of  liters,  and  from  the 
tenth  main  division  of  this  scale  lay  off  to  the  right  a  scale  of  specific 
gravities,  in  such  a  way  that  the  slopes  of  straight  linos  drawn  to  con- 
nect points  on  the  latter  scale  with  the  origin  will  in  all  cases  be  ecpal 
to  the  reciprocal  of  the  specific  gravity.  In  the  figure,  four  such  lines 
have  been  drawn,  namely  those  passing  through  points  on  the  specific 
gravity  scale  corresponding  to  60°,  62°,  64°  and  66°  B. 
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Let  it  now  be  required  to  convert  1190  kg.  of  acid  of  66°  B.  into 
liters.  From  1190  on  the  horizontal  scale  (which  in  this  case  must  be 
read  in  kg.  instead  of  in  lbs.)  we  pass  upward  to  N"  on  the  line  drawn 
through  the  gravity  corresponding  to  66°  B.,  thence  horizontally  to  Q, 
where  we  read  650  liters,  Ans. 

Let  us  consider  one  more  problem,  in  which  650  liters  of  acid  of  66° 
B.,  are  to  be  converted  into  liters  of  acid  of  60°  B.  From  the  point  cor- 
responding to  650  liters,  at  Q,  on  the  vertical  scale,  pass  horizontally 
to  intersect  the  66°  gravity  line  at  N",  thence  vertically  downward  to 
intersect  the  66°  weight  line  at  N\  thence  horizontally  to  the  60°  weight 
line  at  M\  thence  upward  to  the  corresponding  gravity  line  at  M", 
thence  horizontally  to  P,  where  we  read  830  liters,  Ans. 

If  weights  of  acid  are  not  to  be  considered,  but  volumes  alone,  as  in 
the  last  example,  the  chart  as  just  described  may  be  made  to  read  in 
other  units  than  those  of  the  metric  system,  the  vertical  scale  at  the  left 
TDeing  simply  relabeled  gallons  or  cubic  feet.  But  if  weights  of  acid 
are  to  be  used  in  the  calculation,  it  will  be  necessary  to  graduate  new 
axes  for  the  U.  S.  gallons  or  cubic  feet.  If  the  horizontal  axis  be  read 
in  lbs.  the  vertical  axis  will  give  the  number  of  lbs.  of  water  occuying 
the  same  volume  at  60°  F.  Since  623  lbs.  of  water  =  10  cu.  ft.,  an  axis 
for  cu.  ft.  may  be  located  by  drawing  through  the  point  R,  at  623,  a 
horizontal  line  to  intersect  a  10  cm.  radius  from  the  origin  at  a  point 
S,  which  is  marked  10  cu.  ft.  The  line  OS  is  then  drawn  and  grkdu- 
ated  to  that  scale.  An  axis  for  U.  S.  gals,  may  be  located  in  a  similar 
way,  having  given  that  833.7  lbs.  of  water  at  60°  F.  =  100  U.  S. 
gals. 

In  certain  problems  we  have  to  deal  with  two  constituents.  For  ex- 
ample, we  may  need  to  find  the  SO3  content  of  sulfuric  acid  of  a  given 
percentage  of  H2SO4.  This  is  most  conveniently  done  by  graduating 
the  scale  at  the  right  of  the  diagram,  on  one  side  with  percentages  of 
H2SO4,  and  on  the  other  with  percentages  of  SO3.  The  vertical  axis  of 
Baume  degrees  is  in  this  case  displaced  to  the  right,  and  graduated  by 
locating  the  points  of  intersections  of  radial  lines  passing  through 
definite  percentages.  With  such  a  chart  we  can  calculate  the  amount 
of  water  to  be  added  by  fuming  acid  in  order  to  convert  it  into  com- 
mercial acid  of  any  desired  strength. 

This  type  of  chart  might  be  used  to  calculate  the  amount  of  water 
to  be  added  to  a  solution  of  definite  strength  to  produce  a  solution  of 
another  strength,  for  the  difference  between  equivalent  weights  of  two 
solutions  must  represent  the  weight  of  water  to  be  added  to  the  stronger 
one.  Charts  of  this  type  have  also  been  devised  for  calculating  the 
amount  of  filler  to  be  added  to  a  fertilizer  to  reduce  it  to  a  desired  per- 
centage of  a  single  element;  for  determining  the  amount  of  water  to 
be  removed  by  evaporation  during  the  concentration  of  a  solution  from 
a  lower  to  a  higher  density;  and  for  calculating  the  proportions  in 
which  two  raw  materials  need  to  be  mixed  in  order  to  produce  a  mix- 
ture containing  a  given  percentage  of  some  one  constituent.  But,  since 
problems  of  this  sort  may  be  solved  somewhat  more  conveniently  by 
means  of  other  charts  to  be  described  later,  no  description  of  these  dia- 
grams need  be  given. 

It  is  worth  while  noting  that  radial  charts,  such  as  those  described 
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above  and  illustrated  in  Figs.  70  and  71,  may  be  used  for  the  solution 
of  any  problem,  in  which  the  relation 

x/a  =  x'  /a' 

obtains,  x  and  x'  being  distances  along  the  horizontal  axis,  and  1/a 
and  1/a'  being  constants  proportional  to  the  slopes  of  the  radiating  lines. 
The  constants  a  and  a'  should  have  unchanging  values  in  all  the  prob- 
lems that  are  to  be  solved  by  the  use  of  a  given  chart,  since  in  this  case 
we  may  draw  the  radiating  lines  once  for  all  when  the  chart  is  first  con- 
structed. If  a  and  a'  are  variables,  we  are  forced  to  draw  new  lines 
with  slopes  respectively  proportional  to  1/a  and  1/a'  for  each  problem 
to  be  solved,  or  to  draw  in  the  beginning  a  great  number  of  radiating 
lines,  and  afterward  resort  to  interpolation.  For  this  reason  a  set  of 
computations  in  which  the  constants  a  and  a'  vary  from  problem  to 
problem  is  best  carried  out  by  a  modification  of  the  '* figure-four" 
chart  to  be  described  later. 

The  principles  involved  in  the  preceding  diagrams  may  frequently 
be  applied  in  the  solution  of  rather  complex  formulas.  As  an  example, 
let  us  consider  that  for  the  constant  of  dissociation  of  a  gas  yielding 
two  gaseous  products  of  dissociation : 


U  = 


{X—x)Y 


In  Fig.  72  the  values  of  x  are  laid  down  along  the  horizontal  axis  and 
the  curve  OAB  drawn  through  the  calculated  values  of  x"^.     The  values 
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of  y  are  then  laid  down  along  the  vertical  axes  and  the  values  of  the 
reciprocal  of  k  from  right  to  left  along  a  horizontal  axis.  Given  72% 
dissociation  and  a  volume  of  130  calculate  the  constant  of  dissociation. 
Enter  the  diagram  at  72  on  the  base-line,  pass  upward  to  cross  the 
curve  at  the  point  A.  Connect  A  with  C  and  produce  the  line  thus 
obtained  until  it  cuts  the  horizontal  line  passing  through  130  units  of 
volume,  at  P.  Passing  downward  we  read  the  value  of  1/A:,  viz.,  70, 
from  which  /c  =  0.143.  Vice  versa,  if  we  have  a  volume  of  130  units 
and  know  that  the  value  of  1/k  is  70,  we  locate  the  point  P  correspond- 
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ing  to  these  data  and  draw  the  line  PC;  from  the  point  A  where  this 
line  cuts  the  curve,  we  pass  vertically  to  the  base  line,  where  we  read 
72%  dissociation. 

Of  course  in  practice  it  is  unnecessary  to  draw  the  construction  lines 
in  this  and  similar  diagrams.  If  the  edge  of  a  transparent  triangle  is 
passed  through  the  desired  points  or,  better  yet,  a  straight  line  scratched 
on  the  other  side  of  a  sheet  of  celluloid,  it  will  be  possible  to  make  read- 
ings directly.  The  horizontal  scale  through  the  middle  of  the  diagram 
might  also  have  been  graduated  directly  in  values  of  k,  instead  of  in 
reciprocal  values,  by  laying  down  graduations  proportional  to  the  re- 
ciprocal of  the  numbers  that  appear  in  Fig.  72 ;  but  scales  of  reciprocals 
have  the  disadvantage  that  their  divisions  are  not  equal,  hence  there 
is  a  loss  of  accuracy  in  interpolation.  For  this  reason  it  is  better  to 
read  the  values  of  1/A;  directly,  and  convert  them  into  values  of  k  by 
means  of  a  slide-rule  or  table  of  reciprocals. 

Closely  related  to  the  preceding  type  of  chart  is  one  in  which  the 
composition  of  a  compound  or  mixture  is  expressed  by  the  rectangular 
co-ordinates  of  a  point  in  a  plane  or  in  space.  As  an  example,  let  us 
take  a  chart  for  the  determination  of  the  ratio  of  the  number  of  atoms 
of  carbon  and  hydrogen  in  an  organic  compound,  having  given  the  per- 
centage of  each  of  these  elements  (Fig.  73). 

Along  the  vertical  axis  of  the  diagram  is  laid  down  a  scale  of  hy- 
drogen, in  such  a  way  that  the  percentages  of  that  element  in  the  com- 
pounds to  be  considered  fall  within  the  limits  of  the  chart.  Along  the 
horizontal  axis  is  laid  down  a  scale  of  percentages  of  carbon,  in  such  a 
way  that  11.9%  of  carbon  is  the  same  linear  distance  as  1%  of  hydrogen, 
since  the  atomic  weight  of  carbon  is  11.9  (on  a  basis  of  H  =  l).  The 
horizontal  and  vertical  divisions  of  the  chart  are  also  marked  5,  10,  15, 
etc.,  to  indicate  the  relative  number  of  atoms  of  each  element. 

Let  us  suppose  that  a  given  compound  contains  60.0%  of  carbon  and 
6.1%  of  hydrogen.  Locate  the  point  P  corresponding  to  this  composi- 
tion and  lay  a  straight  edge  through  OP.  Where  this  line  happens  to 
pass  through  the  corner  of  a  square  may  be  read  the  atomic  ratio.  It 
will  be  seen  that  there  are  four  corners,  Q,  R,  S,  and  T,  which  very 
nearly  coneide  with  the  given  line.  Q  corresponds  with  the  ratio 
C,3H,«,  R  with  CoHji,  8  with  C,H„  and  T  with  C^H-.  Which  of  these 
formulas  is  the  correct  one  will  of  course  need  to  be  determined  from 
other  considerations;  for  the  errors  of  organic  combustion  methods  are 
of  such  a  magnitude  as  to  leave  the  matter  of  a  formula  more  or  less 
in  doubt,  unless  the  percentages  of  the  elements  other  than  carbon  and 
hydroojen  be  taken  into  consideration. 

Another  method  of  working  this  same  problem  is  to  convert  the  per- 
centage of  hydrogen  found  into  its  equivalent  percentage  of  carbon  by 
means  of  the  radial  diagram  of  Fig.  70.  The  ratio  between  this  num- 
ber and  that  giving  the  percentage  of  carbon  actually  found  is  then 
taken  by  means  of  a  slide-rule.  The  chart  just  described  may  of  course 
be  modified  for  use  with  any  other  pair  of  elements. 

In  Fig.  74  we  have  a  diagram  for  the  adjustment  of  various  raw  ma- 
terials to  give  a  mixed  fertilizer  containing  desired  percentages  of  nitro- 
gen and  phosphorus.  Percentages  of  nitrogen  are  laid  off  along  the 
horizontal  axis,   and  percentages  of  phosphoric  acid    (P2O5)    along  a 
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vertical  axis.  Suppose  that  we  have  to  prepare  a  mixed  fertilizer  con- 
taining: 10%  nitrogen  and  3%  P2O5  (point  M)  and  that  there  are  avail- 
able for  the  purpose  the  four  fertilizers  whose  compositions  are  ex- 
pressed by  the  four  points,  A,  B,  C  and  D,  together  with  filler,  which, 
since  it  contains  zero  per  cent  of  the  elements  of  plant  food,  is  of  course 
represented  by  the  point  O.  It  will  first  be  noticed  that  the  point  M, 
representing  the  required  composition  of  the  mixed  fertilizer,  lies  withhi 
a  triangle  formed  by  connecting  up  the  points  A,  B  and  C;  this  means 
that  it  is  possible  to  secure  the  desired  mixture  by  a  combination  of 
these  three  raw  materials.  On  the  other  hand,  a  triangle  obtained  by 
connecting  the  points  A,  C  and  D  does  not  include  the  point  M;  it  is 
therefore  impossible  to  produce  the  desired  mixture  by  any  combination 
of  these  three  raw  materials  alone,  in  spite  of  the  fact  that  some  of  the 
raw  materials  contain  more  and  others  less  nitrogen  or  phosphoric  acid 


Fig.  74 

than  the  mixture.  The  first  use  of  the  chart  we  have  constructed  is 
therefore  to  tell  us  which  of  the  various  raw  materials  placed  at  our 
disposal  may  be  used  in  making  up  a  mixture  of  the  desired  composition. 

Now  suppose  that  it  is  desired  to  make  up  1,000  lbs.  of  the  mixture 
having  the  composition  denoted  by  the  point  M,  using  for  the  purpose 
the  raw  materials  B  and  C  and  filler.  Connect  B  and  C,  and  draw  from 
the  point  O,  representing  filler,  a  line  passing  through  M,  which  is  pro- 
duced until  it  cuts  the  line  BC  at  T.  From  T  draw  the  line  TZ  to  the 
point  representing  1,000  lbs.,  the  weight  of  mixture  to  be  made.  Draw 
the  line  MY  parallel  to  TZ  to  intersect  the  base  line  at  Y. 

That  portion  of  the  line  BC  most  distant  from  B  is  marked  h,  and 
that  most  distant  from  C  is  marked  c;  in  the  same  way  that  portion  of 
OT  most  distant  from  0  (filler)  is  marked  /,  while  that  most  distant 
from  B  and  C  is  marked  6  +  c.  The  distances  OB'  and  OT'  are  laid 
off  equal  to  CB  and  CT,  respectively  and  the  segments  thus  found  are 
marked  h  and  c  according  to  the  portion  of  BC  to  which  they  corre- 
spond. Next  connect  B'  with  the  point  Y,  previously  located,  and  draw 
T'X  parallel  to  B'Y.     The  distance  OX,  lying  under  the  segment  h  of 
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the  line  OT,  is  the  amount  'of  raw  material  B  needed  to  make  up  the 
fertilizer ;  the  distance  XY,  lying  under  the  segment  c,  is  the  amount  of 
C  to  be  taken;  while  the  distance  YZ,  lying  under  the  segment  /,  is 
the  amount  of  filler  needed. 

If  for  any  reason  it  had  been  decided  to  make  up  the  mixed  fertilizer 
from  J.,  B  and  C,  without  using  any  filler,  the  construction  lines  needed 
would  have  been  those  shown  full  length  in  the  diagram  to  distinguish 
them  from  the  broken  construction  lines  of  the  preceding  problem. 
Draw  the  line  AM  through  M,  the  point  representing  the  composition 
of  the  desired  mixture,  and  produce  it  to  intersect  BC  at  S.  Since  the 
line  AS  does  not  pass  through  0,  it  will  be  necessary  in  this  case  to 
draw  an  auxiliary  line  A^S'  making  any  convenient  angle  with  the  base 
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line.  Along  this  line  take  A'W  any  convenient  multiple  of  AM  (say 
three  times  AM),  and  A! 8'  that  same  multiple  of  AB.  If  2,000  lbs.  are 
to  be  made,  connect  S'  with  the  point  W  representing  that  weight,  and 
draw  M'Y  parallel  to  /Sf'W.  The  segments  MS  and  M'S'  are  labelled 
a,  and  the  segments  AM  and  A'M'  are  labelled  &  +  c.  The  distances 
CS  and  CB  are  transferred  to  OS"  and  OB" ,  and  the  construction  fin- 
ished by  drawing  the  parallel  lines  B"Y  and  S" Z' .  The  distance  0Z\ 
under  the  segment  &  of  the  line  C'S\  represents  the  amount  of  raw  ma- 
terial B  to  be  taken ;  the  distance  Z'Y  represents  the  amount  of  C;  and 
the  distance  T W  represents  the  amount  of  A  that  will  be  needed. 

The  preceding  chart  may  be  adapted  very  readily  to  the  preparation 
of  mixtures  of  any  sort  in  which  definite  percentages  of  two  different 
components  are  to  be  secured.  If  three  different  components  are  to  be 
considered,  the  same  chart  may  be  used  provided  that  the  sum  of  the 
three  adds  up  to  100%,  or  a  slight  modification  of  the  chart,  which  can- 
not be  presented  here,  will  serve  for  more  complex  cases.  If  each  of  the 
raw  materials  contains  but  a  single  one  of  the  constituents  to  be  con- 
sidered in  the  final  mixture,  the  problem  becomes  simply  one  in  inverse 
proportion,  and  may  be  most  simply  solved  by  means  of  a  slide-rule. 
It  is  worth  mentioning  that  another  modification  of  the  chart  last  de- 
scribed will  permit  one  to  calculate  the  proportions  in  which  feeding- 
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stuffs  need  to  be  mixed  in  order  to  form  a*standard  ration  according  to 
any  one  of  the  several  systems  in  use. 

Our  next  class  of  charts  includes  those  plotted  on  logarithmic  cross- 
section  paper,  namely,  on  that  in  which  the  graduations  along  the  per- 
pendicular axes  are  proportional  to  the  logarithms  of  the  variables,  in- 
stead of  to  the  variables  themselves.  This  paper  may  be  obtained  from 
dealers  in  draftman's  supplies. 

Since  the  equations 

y  =  ax  and  x/a  =  xya^ 

may  be  put  in  the  logarithmic  form 

log  1/  ^  log  a  +  log  X,  and,  log  x  —  log  a  =  log  x'  —  log  a\ 

it  is  possible  to  construct  logarithmic  cross-section  charts  to  solve  the 
same  problems  as  the  radial  charts  of  Figs.  70  and  71.  There  is,  however, 
nothing  important  to  be  gained  by  such  a  procedure,  and  there  is  even 
some  loss  of  accuracy  in  so  doing,  since  interpolations  are  less  easily 
made  on  logarithmic  cross-section  paper. 

The  most  important  use  of  the  logarithmic  charts  is  in  the  solution 
of  equations  of  the  general  form 


but  in  equations  in  which  several  factors  are  to  be  multiplied  together 
such  charts  are  very  convenient,  providing  that  a  reading  to  the  nearest 
2  or  3%  is  accurate  enough  for  the  purpose  in  hand.  In  Fig.  75  is  a 
chart  for  the  capacity  of  cylindrical  tanks  in  U.  S.  gallons,  the  diameter 
of  the  tanks  and  the  depth  of  the  liquid  being  given  in  inches.  In  this 
case  the  formula  used  is 

C= . 

4X231 

where  d  is  the  diameter  of  the  tank  in  inches,  and  h  is  the  depth  of  the 
liquid  it  contains.     Putting  this  into  the  logarithmic  form  we  have 

ird^ 

log  C  =  log (-  log  h. 

924 

Note  that  all  the  constants  in  the  equation  are  combined  with  a  single 
variable  d,  the  variable  h,  representing  the  depth  of  liquid  in  the  tank, 
being  kept  free  of  constants. 

'jrd' 

To  construct  the  chart  work  out  the  values  of by  means  of  a  slide- 

024 
rule  for  all  the  values  of  d  that  are  likely  to  be  used,  and  lay  off  the 
results  along  the  vertical  logarithmic  scale.  From  the  points  thus  lo- 
cated draw  a  series  of  lines  sloping  upward  toward  the  right  at  an  angle 
of  45°  with  the  horizcmtal,  and  label  each  with  that  value  of  d  to  which 
it  corresponds.  Along  the  horizontal  axis  lay  down  a  logarithmic  scale 
of  depths  (values  of  h,  in  inches)  and  graduate  the  vertical  axis  in  gal- 
lons. 
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Logarithmic  cross-section  paper  is  very  useful  in  recording  results 
that  would  extend  over  too  great  a  range  if  plotted  on  ordinary  cross- 
section  paper;  for  example,  in  the  plotting  of  absorption  spectra,  the 
co-ordinates  representing  respectively  logarithms  of  vibration  fre- 
quencies and  millimeters  length  of  the  absorbing  layer  of  solution.  In 
certain  work  experimental  results  plotted  on  logarithmic  cross-section 
paper  fall  very  nearly  on  a  straight  line,  where  ordinary  cross-section 
paper  would  give  a  curve;  this  happens,  for  example,  in  a  study  of 
the  volumes  of  filtrate  delivered  by  a  filter-press  in  varying  periods  of 
time.  If  an  empirical  equation  exists  connecting  the  variables  in  such 
a  set  of  experimental  data,  a  logarithmic  chart  will  frequently  reveal 
its  form  and  the  values  of  some  of  the  constants  that  appear  in  it  much 
more  readily  than  they  may  be  obtained  in  any  other  way. 

An  equation  of  the  general  form 

ax-{-hy  =  u/v 

may  be  treated  by  means  of  a  chart  we  are  about  to  discuss,  which  has 
two  parallel  axes  intersected  by  a  third  in  such  a  way  as  to  remind 
one  of  a  ''figure-four." 

R 


nOURE-FOUR 
CHART 

Fig.  76 


Fig.  77 


In  Fig.  76  the  axes  of  the  chart  are  TR,  PS  and  ST.  Let  the  distance 
PQ  =  ax;  let  TS  =  hy;  let  PU  =  u;  and  let  PV  =  v,  UV  and  BS 
being  drawn  through  U  and  S  parallel  to  a  line  connecting  Q  and  T. 
We  have  then  QB  =  TS,  whence  PB  =  a^p  -\-hy.  From  similar  tri- 
angles we  have  then 

PB  :PS  =  PU  :PV; 
that  is, 

ax  -{-'by  =  u/v, 
♦ 
if  the  distance  PS  be  taken  as  unity. 
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As  a  first  example  of  the  application  of  this  chart  let  us  consider  the 
equation  for  finding  the  nutritive  ratio  of  a  foodstuff,  e.  g.y 

V  1 


c  +  2.25/       r 

Putting  this  in  the  standard  form  for  the  type  of  chart  we  are  discuss- 
ing, we  have 

P 

c  +  2.25/  = . 

1/r 

To  construct  this  chart  (Fig.  77)  lay  down  a  scale  of  percentages  of 
digestible  carbohydrates  along  the  axis  PjR,  in  such  a  way  that  the 
highest  percentage  met  will  fall  within  the  limits  of  the  chart.  Draw 
an  inclined  axis  making  any  convenient  angle  with  the  axis  just  drawn, 
and  take  PS  a  measured  distance  equal  to,  say,  30  centimeters.  From 
S  lay  down  a  scale  of  percentages  of  digestible  fat,  and  graduate  it 

1 

downward,  using  a  scale  unit  times  that  used  in  graduating  the 

2.25 
scale  of  digestible  carbohydrates. 

On  the  opposite  side  of  the  axis  FR  from  the  graduations  represent- 
ing percentages  of  digestible  carbohydrates,  lay  down  a  scale  of  digest- 
ible protein.  If  the  unit  of  this  scale  be  taken  as  n  times  the  unit  of 
the  carbohydrate  scale,  then  unit  distance  along  the  inclined  axis  will  be 
n  times  the  distance  PS.  In  this  particular  case  it  will  be  convenient 
to  have  the  divisions  of  the  protein  scale  twice  as  long  as  those  of  the 
carbohydrate  scale ;  the  unit  distance  along  PS  will  then  be  2  X  30  =  60 
em.  Now  since  the  quantity  1/r  appears  in  the  equation  above  in  place 
of  the  variable  v  in  the  general  equation  of  this  type  of  chart,  we  must 
take  the  reciprocals  of  the  various  values  of  r,  thus  getting  a  series  of 
fractions  ^/^,  M,  %,  etc.  Since  the  unit  distance  along  PS  is  60  cm.  the 
point  corresponding  to  the  fraction  ^  will  be  20  cm.  from  the  left  end 
of  the  inclined  axis.  This  point  is  marked  with  the  value  of  r,  which 
is  of  course  3,  since  1/r  is  V^.  In  a  similar  way  locate  other  points  cor- 
responding to  other  values  of  1/r  and  mark  them  with  the  values  of  r. 
A  skillful  combination  of  slide-rule  and  engineer's  scale  will  enable  any 
one  to  graduate  this  part  of  the  chart  in  a  few  minutes. 

To  use  the  chart  lay  down  the  edge  of  a  draftsman's  triangle  to  con- 
nect the  percentages  of  digestible  carbohydrates  and  fat  (say  44  and 
14%,  respectively).  Slide  the  trianjrle  along  the  edge  of  another 
triangle  until  its  ruling  edge  passes  through  the  percentage  of  digestible 
protein  (say  129f).  The  place  where  this  edge  of  the  triangle  cuts  the 
inclined  axis  (at  T)  gives  the  second  term  of  the  nutritive  ratio,  which 
in  this  case  is  read  1 :6.3. 

Another  way  to  use  this  chart  is  to  construct  it  on  paper  thin  enough 
to  be  transparent  to  a  series  of  heavily  ruled  parallel  lines  on  a  sheet 
placed  beneath  it.  The  chart  is  moved  until  one  of  these  parallel  lines, 
seen  through  the  transparent  paper  of  the  chart,  connects  the  percent- 
ages of  carbohydrate  and  fat ;  then  another  parallel  line,  passing  through 


COMPUTATION,  ARITHMETICAL  AND  GEOMETRICAL      427 


the  percentage  of  protein,  is  followed  up  until  it  intersects  the  inclined 
axis,  where  the  nutritive  ratio  is  read. 

A  chart  very  similar  to  that  just  described  might  be  constructed 
for  calculating:  the  rate  of  transfer  of  heat  from  circulating  hot  water 
to  iron,  according  to  the  equation 


E 


1.67  +  ^/v 


t 


0.02 


where  H  is  the  number  of  calories  of  heat  transferred  in  one  second  to 
a  square  meter  of  surface,  t  is  the  temperature  difference  between  water 
and  metal  (degrees  C),  and  v  is  the  velocity  of  the  water  in  centimeters 
per  second. 

In  Fig:.  78  we  have  a  chart  for  converting  specific  gravities  greater 
than  unity  into  degrees  of  the  Baume  scale.     In  this  case  the  inclined 
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axis  of  the  chart  has  been  made  horizontal,  though  this  need  not  neces- 
sarily be  done.  A  point  P  is  located  on  the  left  axis  145  units  above  the 
Iiorizontal  axis;  the  right-hand  axis  is  graduated  in  the  same  scale  units 
as  those  used  in  locating  P,  while  the  horizontal  axis  is  graduated  in 
specific  gravities,  the  distance  between  the  two  vertical  axes  being  taken 
as  unity.  A  line  connecting  the  point  P  with  the  observed  specific 
gravity  will  intersect  the  vertical  axis  in  the  corresponding  number  of 
the  Baume  scale.     The  equation  for  this  chart  is 

145  —  &  =  145/^, 

the  values  of  &  being  laid  off  upward  along  the  right-hand  axis,  because 
of  the  negative  sign  of  h  in  the  equation. 

The  equation  for  the  constant  of  a  unimolecular  reaction  may  be  put 
into  the  form 

t 

log  a  —  log  (a  —  x)  = , 

1/k 
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which  is  evidently  one  capable  of  being  solved  with  the  help  of  a  chart 
of  the  kind  we  have  been  considering.  In  Fig.  79  the  scales  for  a  and 
a  —  X  are  logarithmic,  while  those  for  t  and  1/k  are  not.  Of  course 
the  values  of  k  corresponding  to  the  different  values  of  1/k  might  have 
been  calculated  and  laid  down  on  the  chart,  but  in  practice  it  will  be 
found  more  convenient  to  convert  values  1/k  read  from  the  chart  into 
values  of  k  by  the  use  of  a  slide-rule  or  table  of  reciprocals.  The  equa- 
tion for  the  constant  of  a  bimolecular  reaction  may  be  worked  out  with 
this  same  chart,  the  values  of  a  {h  —  x)  and  h  (a  —  x)  being  read  from 
a  slide-rule  before  the  chart  is  entered.  A  diagram  of  this  sort  is  prob- 
ably the  quickest  means  of  determining  the  order  of  a  reaction  being 
investigated  for  the  first  time. 

As  a  final  example  of  a  chart  of  this  class,  consider  that  in  Fig.  80 
for  the  representation  of  the  composition  of  furnace  slags.     This  chart 
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Fig.  80 

is  constructed  on  cross-section  paper,  each  main  (centimeter)  division 
of  the  cross-sectioning  representing  2%  silica  in  the  slag,  or  some 
equally  convenient  figure.  A  scale  of  percentages  of  silica  is  plotted 
just  within  the  left-hand  border  of  the  chart. 

Just  outside  the  scale  of  silica  lay  down  a  scale  of  lime,  such  that  the 
point  corresponding  to  30.15%  silica  (Si02-f-2  =  30.15)  coincides  with 
the  point  corresponding  to  28.04%  lime  (CaO -f- 2  =  28.04).  At  the 
right-hand  side  of  the  chart  construct  a  scale  of  ferrous  oxide,  letting 
35.92%  FeO  occupy  the  same  linear  distance  as  30.15%  SiOg. 

As  an  example  of  the  use  of  the  chart  let  us  suppose  that  a  slag  is 
found  to  have  the  percentage  composition  FeO,  44;  CaO,  17;  SiOg,  37; 
other  substances,  2.  Required  its  chemical  formula  and  approximate 
melting  point.  Connect  the  point  M,  representing  the  ferrous  oxide^ 
with  the  point  N,  representing  the  lime;  at  P,  where  the  inclined  axis 
is  crossed,  we  read  "33  molecules  of  CaO  in  the  slag  for  100  molecules 
of  (FeO  4- CaO)."  From  a  point,  S,  representing  the  silica  in  the 
slag,  draw  a  line,  /ST,  parallel  to  MN.    The  point  T,  where  the  inclined 
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axis  is  crossed,  will  give  the  number  of  molecules  of  SiOg  for  100 
molecules  of  (CaO  +  FeO).  In  the  present  case  there  are  33  molecules 
of  lime,  67  molecules  of  ferrous  oxide,  and  67  molecules  of  silica  for  100 
molecules  of  basic  oxides,  hence  the  formula  of  the  slag  is  very  closely 

Ca0.2Fe0.2Si02. 

This  chart  gives  also  the  melting  points  of  slags  of  various  composi- 
tions. Thus,  if  we  pass  vertically  upward  from  P  to  meet  the  hori- 
zontal from  8  at  the  point  R,  we  find  ourselves  on  the  contour  line 
marked  1100°,  the  melting  point  of  the  slag  in  question.  The  diagram 
shows,  moreover,  that  a  slight  increase  in  the  percentages  of  ferrous 
oxide  and  silica  at  the  expense  of  the  lime  would  result  in  a  slag  of 
lower  melting  point. 

In  the  case  of  highly  acid  slags  the  point  T  will  lie  so  far  to  the  right 
as  to  fall  entirely  without  the  limits  of  the  diagram.  In  this  case  it  is 
best  to  enter  the  chart  with  half  or  one-fifth  of  the  actual  percentage 
of  silica,  the  molecules  of  silica  per  100  molecules  of  basic  oxides  read 
from  the  chart  being  multiplied  by  2  or  5,  respectively.  Melting  points 
are  in  this  case  best  gotten  by  consulting  a  separate  set  of  melting-point 
curves,  which  are  always  more  accurately  read  than  contour  lines.  The 
latter  have,  moreover,  the  disadvantage  of  being  too  much  dependent  on 
the  ^judgment  of  the  person  who  first  plots  them  from  experimental 
data;  yet  for  rough  approximations  within  a  limited  range,  the  melting 
point  contour  lines  shown  in  the  diagram  will  be  found  very  useful. 

Another .  class  of  charts  closely  related  to  the  one  just  described  is: 
that  for  dealing  with  mixtures.  Many  special  cases  occur,  according  to 
whether  the  composition  of  the  final  mixture  or  either  of  its  constituents 
is  constant  or  variable  in  composition ;  according  to  whether  results  are 
to  be  calculated  to  a  basis  of  a  fixed  weight  of  mixture  or  of  one  of  its 
constituents;  and  according  to  whether  or  not  different  ingredients  are 
to  be  reduced  to  a  basis  of  chemically  equivalent  quantities,  etc.  Lack 
of  space  prevents  us  from  giving  more  than  three  of  the  many  interest- 
ing charts  that  might  be  presented  here,  each  with  its  own  special  ad- 
vantages. 

In  Fig.  81  is  a  chart  for  preparing  mixtures  for  the  manufacture  of 
cement  from  clay  and  limestone,  assuming  the  content  of  alumina  and 
silica  in  the  raw  materials  to  be  so  nearly  constant  as  to  permit  the 
mixture  being  controlled  by  determinations  of  calcium  carbonate  alone. 
To  construct  this  chart  draw  two  vertical  axes,  any  convenient  distance 
apart,  and  graduate  them,  both  downward,  in  percentages  of  calcium 
carbonate,  choosing  such  a  scale  unit  that  the  percentages  of  calcium 
carbonate  likely  to  be  met  in  the  clay  or  cement  rock  (left  axis)  and  in 
the  limestone  (right  axis)  fall  within  the  limits  of  the  chart.  It  is 
necessary  to  use  the  same  scale  unit  in  graduating  both  axes,  but  neither 
scale  needs  to  be  carried  upward  to  zero,  nor  is  the  relative  position 
of  the  lower  limits  of  the  two  scales  a  matter  of  any  importance.  If  the 
final  mixture  is  to  be  adjusted  to  75%  CaCOs,  connect  the  points  marked 
75%  on  the  two  scales,  and  divide  the  inclined  axis  thus  gotten  into 
twenty  equal  parts,  each  representing  100  lbs.  of  limestone  in  one  ton  of 
final  mixture. 

As  an  example  of  the  use  of  this  chart,  suppose  that  we  have  a  cement 
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rock  containing  58%  CaCOg,  and  a  limestone  containing  97%  CaCOg. 
Connect  these  two  points,  best  by  means  of  a  straight  line  scratched 
on  the  lower  surface  of  a  sheet  of  transparent  celluloid.  Where  the 
inclined  scale  is  crossed  is  read  875  lbs.,  the  weight  of  limestone  to  be 
contained  in  one  ton  of  the  mixture. 

Not  only  may  diagrams  similar  to  that  just  described  be  used  to 
calculate  the  proportions  in  which  two  raw  materials  of  variable  com- 
position need  to  be  mixed  in  order  to  give  a  mixture  of  constant  com- 
position, but  the  converse  problem  may  be  solved:  if  the  ingredients 
of  a,  mixture  are  of  constc^nt  composition  the  proportions  in  which  they 
are  present  in  a  given  mixture  may  be  readily  determined.  Thus,  if  a 
sample  of  red  lead  is  assumed  to  consist  of  a  mixture  of  litharge  and 
lead  dioxide  (disregarding  the  possible  presence  of  other  oxides  of  lead) 
the  percentage  of  each  may  be  gotten  from  a  determination  of  the  per- 
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centage  of  lead  in  the  mixture,  points  representing  the  percntages  of 
lead  in  litharge  and  in  lead  dioxide,  respectively,  being  located  on  separ- 
ate axes  and  connected  by  a  line,  which  is  graduated  from  left  to  right 
in  percentages  of  that  oxide  whose  composition  has  been  located  on  the 
right-hand  axis.  By  connecting  points  on  the  two  vertical  axes  repre- 
senting the  percentage  of  lead  found  in  a  given  sample  of  red  lead,  the 
percentage  of  litharge  and  of  lead  dioxide  may  be  read  directly  from 
the  chart.  The  reader  will  have  little  difficulty  in  adapting  this  chart 
to  other  cases  of  indirect  analysis. 

Returning  now  to  a  consideration  of  the  preparation  of  mixtures  of 
limestone  and  clay  for  the  manufacture  of  cement,  if  we  wish  to  cal- 
culate the  weight  of  limestone  to  be  taken,  not  for  a  ton  of  mixture  as 
before,  but  for  a  ton  of  clay,  we  have  the  diagram  shown  in  Fig.  82. 
Notice  that  here  the  percentages  of  calcium  carbonate  are  laid  down 
along  vertical  axes,  starting  from  a  horizontal  base-line,  the  graduations 
of  one  scale  running  downward,  and  those  of  the  other  upward.  To 
use  this  chart  pass  a  straight  line  through  the  point  denoting  the  per- 
centage of  calcium  carbonate  in  the  limestone  (M)  and  that  denoting  the 
percentage  of  calcium  carbonate  in  the  final  mixture  (N).  This  line  in- 
tersects a  horizontal  line  (of  the  cross-sectioning)   passing  through  the 
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percentage  of  calcium  carbonate  in  the  clay  at  some  point  A.  From 
this  point  pass  upward  to  the  point  B,  where  we  read  the  number  of 
pounds  of  limestone  that  will  be  needed  for  one  ton  of  clay.  Thus,  if 
the  clay  contains  58%  CaCOg  and  the  limestone  97%  CaOOg,  there  will 
be  needed  1,535  lbs.  of  limestone  for  every  ton  of  clay.  If  the  per- 
centage of  calcium  carbonate  in  the  clay  is  so  low  that  there  will  be 
needed  more  limestone  than  clay,  the  cross-sectioning  of  the  chart  may 
be  carried  further  to  the  right;  or  the  problem  may  be  so  changed  as 
to  calculate  the  number  of  pounds  of  clay  to  be  used  for  one  ton  of 
limestone. 

In  Fig.  83  we  have  a  chart  for  determining  the  number  of  pounds 
of  water  that  must  be  added  to  a  given  weight  of  solution  of  definite 
specific  gravity  or  percentage  strength  in  order  to  produce  a  definite 
diluted  solution;  or  the  number  of  pounds  of  water  that  must  be  eva- 
porated from  a  given  solution  in  order  to  produce  a  more  concentrated 
one. 

The  chart  is  constructed  with  three  vertical  axes,  A,  B,  and  C,  the  unit 
of  scale  B  being  twice  that  of  scales  A  and  C.  The  horizontal  distance 
between  the  axes  A  and  C  is  divided  into  100  equal  parts  representing 
percentages  of  evaporation  or  dilution.  Since  dilution  may  amount  to 
more  than  100%  the  graduations  are  carried  out  to  the  right  of  scales 
A  and  B,  say  to  250%. 

As  an  example  of  the  use  of  this  chart,  let  .us  suppose  that  a  sugar 
solution  of  20°  Brix  is  to  be  evaporated  to  a  syrup  of  55°  Brix.  Con- 
nect this  point  on  scale  C  representing  55°  Brix  with  the  zero  of  scale  A 
(representing  water).  At  the  point  M,  where  the  horizontal  through 
20°  Brix  is  crossed,  we  read  64%  evaporation. 

Conversely,  if  64%  of  water  were  to  be  evaporated  from  a  solution 
of  20°  Brix,  locate  the  point  M  where  the  vertical  through  64%  inter- 
sects the  horizontal  through  20°  Brix  (scales  A  and  C) .  Connect  the 
point  M  with  the  zero  of  scale  A,  and  produce  the  line  thus  gotten  until 
it  cuts  the  C-scale  at  55°,  the  required  Brix  of  the  syrup. 

In  a  similar  way  we  might  calculate  the  amount  of  water  that  would 
need  to  be  added  to  a  syrup  of  55°  Brix  to  dilute  it  to  20°  Brix.  Note 
that  in  this  case  the  result  is  the  number  of  pounds  of  water  to  be  added 
for  every  100  pounds  of  diluted  solution. 

If  it  is  desired  to  calculate  the  dilution  for  100  parts  of  syrup  as  is 
generally  the  case,  instead  of  for  100  parts  of  diluted  solution,  a  some- 
what different  method  is  used.  Thus,  if  we  wish  to  determine  the  water 
that  would  have  to  be  added  to  a  solution  of  55°  Brix  in  order  to  pro- 
duce one  of  20°  Brix,  connect  the  points  representing  20°  Brix  on  scales 
B  and  C.  Where  this  line  cuts  the  horizontal  through  55°  Brix  (scale 
A)  we  read  175,  the  number  of  parts  of  water  to  be  added  to  one  hun- 
dred parts  of  syrup  by  weicjht). 

Since  scale  A  is  used  only  in  problems  dealing  with  dilution,  it  may 
be  omitted  from  the  chart  if  only  evaporation  is  to  be  considered.  In 
any  case  it  is  better  to  letter  scale  A  in  red  ink,  since  there  is  otherwise 
some  danger  of  interchanging  scales  A  and  B  in  reading  the  chart.  The 
reader  will  perceive  that  a  chart  of  this  sort  may  be  used  for  diluting 
concentrated  solutions  of  any  kind  from  one  percentage  strength  to 
another.    If  specific  gravities  or  degrees  Baume  are  to  be  used  the  scales 
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are  graduated,  first  in  percentages,  the  percentage  graduations  being- 
erased  after  a  scale  of  specific  gravities  or  degrees  Baume  has  been  laid 
down.  It  is  onlj'  with  sugar  solutions  and  the  Brix  scale  that  the  per- 
centage strength  of  the  solution  will  be  directly  given  by  the  areometer 
reading.  If  volumes  of  solutions  are  to  be  brought  into  consideration  in 
dilution  problems,  a  modification  of  the  diagram  given  in  Fig.  71  will 
be  found  to  offer  the  most  convenient  solution. 

The  next  t.ype  of  chart  to  be  considered  is  that  in  which  three  vari- 
ables are  connected  by  the  equation 

ax  -\-hy  =^  cz. 

This  chart  consists  of  three  parallel  axes  (Fig.  84),  the  left-hand  one 
being  for  the  values  of  x,  the  right-hand  one  for  y,  and  the  middle  one 
for  z.  To  construct  this  chart  draw  the  left  and  right  axes  exactly 
parallel,  at  any  convenient  distance  apart.  Graduate  the  left  axis  in 
values  of  x  at  the  rate  of  A  units  per  centimeter  beginning  the  gradua- 
tions at  any  convenient  point  on  the  axis,  A  being  so  chosen  that  the 
scale  for  x  and  the  scale  for  z  (to  be  graduated  afterward)  will  not  be 
inconveniently  long  or  short.  In  a  similar  way  graduate  the  right  axis 
at  the  rate  of  B  units  per  centimeter.  Now  it  may  be  shown  by  geometry 
that  if  each  value  of  z  is  to  lie  in  the  same  straight  line  with  correspond- 
ing values  of  x  and  y  (on  the  other  two  axes),  then  the  distance  m 
from  the  left  axis  to  the  middle  axis  must  be  such  that 

IBn 
m  = . 


aA-i-hB 

where  n  is  the  distance  between  the  two  outside  axes;  and  that  the 
middle  axis  must  be  graduated  with  values  of  z  at  the  rate  of  C  units 
per  centimeter,  where 

aA-i-hB 

C  = . 

c 

The  chart  is  used  by  lining  up  corresponding  values  of  x,  y  and  z  by 
means  of  a  straight  edge,  whence  the  name  alinement  chart. 

In  Fig.  85  we  have  a  chart  for  determining  the  milligrams  of  sodium 
oxide  and  of  potassium  oxide,  respectively,  shown  by  an  analysis  in  which 
the  two  metals  are  first  weighed  as  chlorides,  the  potassium  being  after- 
ward collected  and  weighed  as  potassium  chloroplatinate.  Since  the 
factor  for  converting  potassium  chloroplatinate  into  potassium  chloride 
is  0.3068,  and  that  for  converting  sodium  oxide  into  sodium  chloride  is 
1.583,  we  have 

0.3068  X  +  1.583  y  =  z, 

where  x  is  the  number  of  milligrams  of  potassium  chloroplatinate  ob- 
tained, y  is  the  number  of  milligrams  of  sodium  oxide  in  the  sample, 
and  z  is  the  combined  weight  of  sodium  and  potassium  chloride. 

Let  the  outside  axes  be  taken  20  cm.  apart.  Graduate  the  left  axis 
at  the  rate  of  5  mg.  of  potassium  chloroplatinate  per  centimeter.  The 
right  axis  is  to  be  graduated  in  milligrams  of  sodium  oxide  at  the  rate 
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of  2  mg.  per  centimeter,  beginning  with  20  mg.  (if  that  is  the  least 
weight  of  sodium  oxide  that  is  likely  to  be  met  in  any  of  the  analyses). 
The  distance  from  the  left  axis  to  the  middle  axis  is  then 


2  X  1.583  X  20 


m 


5  X  0.3068  +  2  X  1.583 


=  13.47  cm. 


Locate  the  midle  axis  at  this  distance  to  the  right  of  the  left  axis.  Now 
40  mg.  of  sodium  chloride  are  equivalent  to  40-^1.583  =  25.25  mg.  of 
sodium  oxide.     Therefore  lay  a  straight  edge  to  connect  the  zero  of  the 
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potassium  chloroplatinate  scale  with  25.25  of  the  sodium  oxide  scale. 
The  point  where  the  middle  axis  is  crossed  is  marked  40.  In  the  same 
way  100  mg.  of  sodium  chloride  correspond  to  63.16  parts  of  sodium 
oxide;  therefore  connect  the  zero  of  the  potassium  chloroplatinate  scale 
with  63.16  on  the  sodium  oxide  scale,  and  mark  the  point  where  the 
middle  axis  is  crossed  100.  The  distance  between  the  points  40  and 
100  on  the  middle  axis  is  then  divided  into  sixty  equal  parts  and  the 
graduations  continued  upward  and  downward  to  the  limits  of  the  chart. 
As  an  example  of  the  use  of  the  chart,  let  us  suppose  that  a  mixture 
of  the  chlorides  of  sodium  and  potassium  weighs  94  mg.  and  that  81.8 
mg.  of  potassium  chloroplatinate  are  obtained.  Connect  these  points 
on  the  middle  and  left  axes,  respectively,  by  a  straight  edge;  where  the 
latter  intersects  the  right  axis  is  read  43.5  mg.  of  sodium  oxide,  while 
just  within  the  left  margin  of  the  chart  we  read  15.9  mg.  of  potassium 
oxide.  The  scale  of  potassium  oxide  here  referred  to  is  constructed 
by  dividing  the  space  between  0  and  100  of  the  potassium  chloroplatinate- 
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scale  into  19.38  equal  parts,  since  the  factor  for  converting  potassium 
chloroplatinate  into  potassium  oxide  is  0.1938. 

Of  course  the  preceding  chart  might  have  been  constructed  with  any 
other  rate  of  graduation  for  the  outside  axes,  the  middle  axis  being 
placed  accordingly,  and  either  of  the  outside  axes  might  have  been  be- 
gun at  any  convenient  point.  When  one  point  of  the  middle  axis  has 
been  located  by  calculation,  the  other  graduations  may  be  laid  down 
by  the  method  just  described;  or,  if  the  calculated  value  of  C  in  the 
equation  above  happens  to  be  a  round  number  all  the  divisions  of  the 
middle  scale  may  be  laid  off  directly  with  an  engineer's  rule.  This 
type  of  chart  may  be  used  in  a  great  many  indirect  analyses;  for  ex- 
ample, those  in  which  the  percentage  of  each  of  two  metals  in  a  mixture 
of  their  carbonates  is  determined  from  the  volume  of  carbon  dioxide 
that  the  mixture  evolves  on  being  treated  with  an  acid;  or  those  in 
which  the  amount  of  each  of  several  gases  in  a  mixture  is  determined 
from  the  decrease  in  volume  observed  and  carbon  dioxide  formed  when 
the  mixture  is  burned.  A  modification  of  the  chart  in  Fig.  81  will 
frequently  serve  the  same  ends.  Other  uses  for  the  alinement  chart 
are  in  calculating  the  formulas  of  isomorphous  mixed  minerals  from 
analytical  data,  in  calculating  heat  exchange  and  loss  by  radiation  in 
evaporation  problems,  and  in  finding  the  amount  of  a  given  substance 
necessary  to  react  with  a  mixture  of  two  others. 

Fig.  86  is  an  alinement  chart  for  determining  the  crystallizable  sugar 
in  sugar-cane  juice,  according  to  the  formula 

0  =  ^(1.4  — 40/P), 

where  C  =  per  cent  crystallizable  sugar;  >S^  =  per  cent  suc*rose;  and  P 
=  per  cent  purity  of  the  juice.  Putting  this  in  logarithmic  form  we 
have 

Log>^==logC  — log(1.4  — 40/P), 

Plot  values  of  log.  C  along  the  left  axis,  letting  unit  logarithmic  distance 
equal  25  centimeters  (A  =  1/25).  Plot  values  of  —log  (1.4  — 40 /P) 
along  the  right  axis,  letting  unit  logarithmic  distance  equal  100  cen- 
timeters (5  =  1/100).  Since  the  quantity  (1.4  — 40/P)  is  less  than 
unity,  its  negative  logarithm  will  be  po;-ative,  and  is  hence  measured 
upward  along  the  right  axis.  If  the  total  distance  between  the  outside 
axes  is  20  cm.,  the  middle  axis  will  need  to  be  4  cm.  from  the  left  axis. 
The  middle  axis  is  graduated  at  a  rate  which  may  be  calculated  to  be 
1/20  unit  per  centimeter  (from  the  general  equation  for  the  value  of 
C  m  the  discussion  above  of  the  principle  of  the  alinement  chart). 

This  chart  is  given,  not  so  much  because  of  its  practical  importance, 
as  because  it  illustrates  as  well  the  way  in  which  a  wevy  complicated 
equation  may  often  be  solved  by  the  alinement  chart  method.  In  prac- 
tice it  would  be  easier  to  calculate  crystallizable  sugar  from  another 
formula,  in  which  the  Brix  of  the  solution  is  used  instead  of  its  purity, 

C  +  0AB  =  1AS. 

This  may  be  charted  at  once  by  the  alinement  method,  without  recourse 
to  logarithms,  or  even  as  a  figure-4  chart. 
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Other  types  of  charts  might  be  described,  but  it  will  be  found  that 
in  practice  the  ones  here  given  will  serve  for  the  solution  of  almost  any 
problem  that  does  not  demand  greater  accuracy  than  that  of  which  the 
graphical  method  is  capable.  The  different  types  of  charts  are  all  in- 
terrelated, and  there  are  so  many  intermediate  types  that  the  classi- 
fication here  adopted  is  but  a  very  arbitrary  one.    A  single  chart  may 
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Fig.  87 


ilustrate  at  once  the  principles  of  several  different  types,  so  that  we 
have  what  may  be  termed  combination  charts,  illustrated  in  Figs.  87 
to  89. 

Fig.  87  is  a  chart  that  is  a  combination  of  an  alinement  chart  with  a 
mixture  chart,  for  calculating  the  percentage  of  sucrose  in  sugar  cane, 
having  given  the  weight  and  composition  of  the  bagasse  and  expressed 
juice  (dry  grinding).     It  is  worth  noting  that  this  chart  may  be  used 
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Fig.  89- 


to  solve  the  most  general  case  of  mixtures,  namely,  that  in  which  two 
constituents  of  varying  composition  are  mixed  in  any  proportion  to 
give  a  final  mixture  of  varying  weight  whose  composition  is  to  be  cal- 
culated. 

In  Fig.  88  is  a  combination  of  two  alinement  charts  with  a  mixture 
chart  for  calculating  the  number  of  pounds  of  limestone  to  be  added 
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to  one  ton  of  cement  rock  to  prepare  a  mixture  for  the  manufacture  of 
cement,  according  to  the  formula  of  Meade,  which  demands  90%  of  the 
calcium  oxide  that  would  be  needed  to  form  tricalcium  silicate  and 
tricalcium  aluminate  with  the  silica  and  alumina  in  the  raw  materials. 

In  Fig.  89  is  a  double  logarithmic  alinement  chart  for  reducing  the 
volumes  of  gases  from  one  temperature  and  pressure  to  another.  It 
might  easily  be  constructed  for  problems  in  which  the  temperature  is 
expressed  in  degrees  Fahrenheit,  and  the  pressure  in  inches  of  mercury. 

Solution  of  Pulp  Problems  by  Graphic  Methods.  W.  J.  McCauley, 
in  Engineering  and  Mining  Journal,  July  17,  1915,  gives  the  following : 

In  many  hj^drometallurgical  plants  the  importance  of  making  accur- 
ate pulp  measurements  and  keeping  a  systematic  record  of  them  is  too 
often  overlooked.  The  importance  of  such  observations  can  hardly  be 
underestimated,  as  they  are  essential  to  the  proper  working  of  any 
mill.  The  excuse  for  their  absence  usually  is  that  no  one  on  the  job 
has  time  to  look  after  the  work,  and  as  the  mill  is  apparently  running 
pretty  well  as  it  is,  there  seems  to  be  no  real  need  of  keeping  such  rec- 
ords. Most  mill  men  will  admit,  however,  that  if  such  information  is 
systematically  kept  through  several  years,  it  is  valuable  and  often  a 
money  maker.  The  trouble  encountered  in  the  taking  of  such  measure- 
ments and  the  difficult  nature  of  the  Subsequent  calculations  are  some- 
times causes  for  inattention  to  such  details. 

It  is  the  custom  in  most  mills  where  such  observations  and  measure- 
ments are  taken  to  first  determine  the  constants  of  the  ore  treated — 
the  density  and  such  others  as  the  practice  of  the  mill  and  the  systems 
of  measurement  make  possible.  These  constants  are  substituted  in  the 
various  formulas  as  one  of  the  three  factors  of  pulp  problems.  The 
second  quantity  is  found  by  measurement  and  the  formula  is  solved 
for  the  third. 

It  is  not  the  purpose  of  this  article  to  give  methods  for  making  pulp 
measurements  or  to  derive  the  formulas  necessary  for  the  solution  of 
the  problems.     This  subject  has  already  been  thoroughly  discussed. 

The  drudgery  of  solving  each  problem  every  day  is  eliminated  by 
solving  once  all  the  problems  concerning  a  certain  measurement  which 
are  likely  to  occur  in  practice.  Tables  or  curves  from  which  the  de- 
sired results  of  any  observation  may  be  read  directly  are  then  made. 
Such  conveniences  are  somewhat  difficult  to  formulate  because  to  have 
them  accurate  it  is  necessary  to  solve  substantially  every  problem  within 
the  range  of  the  table  or'  curve.  This  is  usually  a  task  of  no  small  pro- 
portions, and  should  one  of  the  previously  determined  constant  quanti- 
ties become  changed  at  any  time,  the  labor  must  all  be  repeated. 

With  the  idea  in  view  of  rendering  the  making  of  such  charts  simpler 
I  have  undertaken  to  produce  a  method  of  graphic  analysis  for  the 
solution  of  pulp  problems,  and  to  make  a  system  of  straight-line  charts 
which  may  be  drawn  in  a  few  minutes  and  with  little  or  no  calculation. 

The  basic  principles  of  this  system  were  suggested  in  an  article  pub- 
lished by  George  B.  McLain  in  the  Mining  and  Scientific  Press,  Aug. 
3,  1912.  In  this  article  the  method  of  making  and  using  a  straight- 
line  chart  for  the  determination  of  the  percentage  of  solution  and  solids 
in  mill  pulps  is  explained;  the  density  of  the  ore  being  a  constant  and 
the  gravity  of  the  pulp  being  known. 
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The  equations  may  be  divided  into  two  general  classes:  First,  those 
in  which  it  is  possible  to  assume  one  quantity  as  constant  so  that  when 
a  second  is  made  to  vary  by  equal  increments  the  third  will  also  be 
found  to  vary  by  equal  increments.  Equation  (1)  is  of  this  character. 
If  in  this  equation  either  s  or  x  is  held  constant  it  will  be  found  that 
if  y  is  varied  by  equal  amounts,  then  will  x  oy  s  also  vary  by  equal 
.amounts. 

y^=sx  (1) 

The  second  class  consists  of  those  equations  in  which  the  above  relation- 
ship does  not  exist.  In  this  case  it  is  impossible  to  select  any  one  value 
as  constant  so  that  if  a  second  be  varied  by  equal  amounts  the  third  will 
also  vary  by  equal  amounts.     Equation   (2)   is  of  this  nature. 

y^=sx^  (2) 

The  distinction  between  these  two  cases  is  really  that  of  degree.  The 
^equations  of  the  second  class  are  formed  usually  not  by  the  occurrence 
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•of  the  higher  powers  of  the  three  variables,  but  by  the  way  in  which 
these  quantities  are  related  to  one  another  and  to  the  constants  of  the 
■equation. 

Let  us  now  consider  the  nature  of  such  equations  and  methods  for 
their  graphical  solution,  following  up  by  some  practical  examples  of 
their  applications. 

Formula  (1)  is  the  equation  of  a  straight  line  passing  through  the 
origin,  in  which  s  is  the  tangent  of  the  angle  that  this  line  makes  with 
the  axis  of  x.  Such  a  problem  may  be  solved  for  all  varying  values  of 
.X  and  y,  when  s  is  a  constant,  by  simply  drawing  on  cross-section  paper 
a  straight  line  through  the  origin  of  points,  which  makes  an  angle  with 
the  axis  of  x  whose  tangent  is  s.  A  series  of  such  lines  radiating  from 
the  origin  may  be  drawn  to  represent  varying  values  of  s,  as  in  Fig.  90. 
All  problems  of  this  nature  may  now  be  solved  by  inspection  of  the 
-chart. 

One  or-  two  such  practical  pulp  problems  may  be  worked  out.     In 
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explaining  these  charts  there  will  be  no  attempt  to  make  mathematical 
proofs  of  their  correctness  or  the  formulas  used  in  making  them. 
The  following  symbols  will  be  used  throughout: 

a  =  percentage  of  water  by  weight,  in  any  pulp,   expressed  as  a. 
decimal. 

c  =  a  constant. 

d  =  density  of  the  dry  pulp  or  ore. 

g  =  gravity  of  the  wet  pulp. 

p  =  number  of  pounds  of  cyanide  (KCN  or  NaCN)  per  ton  of  solu- 
tion. 
P  =  number  of  pounds  of  cyanide  per  ton  of  solids, 
i?^  water  ratio. 

t  =  a  length  of  time  measured  in  seconds. 
T  =  tons  of  dry  pulp  discharged  in  24  hr.  by  a  pulp  stream. 

i;  =  dissolved  metal  (Au  or  Ag)  per  ton  of  solution  in  any  wet  pulp. 
y  =  Dissolved  metal  per  ton  of  solids  in  any  wet  pulp. 

The  dissolved  metal  in  discharged  tailings  is  usually  expressed  as  a 
value  in  cents  per  dry  ton  of  pulp  discharged,  the  value  per  ton  of 
solution  and  the  percentage  of  solution  being  known.  This  is  accom- 
plished by  taking  a  sample  of  the  tailings  and  determining  the  per- 
centage of  moisture  by  the  gravity  bottle,  or  other  convenient  method. 
The  slime  is  allowed  to  settle  from  the  solution  and  a  known  amount, 
is  decanted  and  assayed.     The  following  formula  is  then  employed: 

av 
V  =  —  (3> 


This  is  of  the  form  of  equation  (1).     Here  s  = ,  and  a  chart,. 

1  —  a 
similar  to  the  one  above  described,  may  be  used. 

To  make  this  chart  lay  off  along  OB,  Fig.  90,  to  any  convenient  scale, 
values  of  v,  and  to  the  same  scale  lay  off  along  OA  values  of  V.  Now 
draw  a  45°  line  CD  and  divide  it  into  100  equal  parts.  Through  each 
of  these  points  of  division  and  a  draw  diagonal  lines  as  shown.  Num- 
ber these  lines  from  0  to  100  starting  with  OB  as  0  and  ending  with  OA 
as  100.  These  numbers  and  the  lines  to  which  they  are  attached  repre- 
sent the  varying  precentages  of  water  or  solution  in  a  pulp. 

This  method  of  drawing  in  the  diagonal  lines  is  evidently  correct.  In 
formula  (3)  let  V  and  v  be  made  to  vary  in  such  a  manner  that  their 
sum  is  always  a  constant.  The  equation  representing  these  changing 
values  is  V  -{-  v  =  c.  This  is  the  equation  of  a  45°  line  intersecting 
OA  and  OB  in  points  other  than  0,  such  as  CD.  It  will  now  be  found 
that  a  varies  by  equal  increments. 

To  use  the  chart,  follow  vertically  up  the  line  representing  the  value 
of  V  found  by  assay  until  it  intersects  the  line  representing  the  percent- 
age of  water  previously  determined.  Thence  follow  horizontally  to 
the  left.     On  OA  will  be  found  the  value  of  V  sought. 

In  practice  it  is  desirable  to  assay  more  than  one  assay  ton  of  the 
decanted  solution  from  the  pulp,  and  it  is  usually  desired  to  express  V 
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in  terms  of  cents  per  ton.  In  this  case  it  is  better  to  lay  off  values  of 
the  actual  weights  of  gold  or  silver  found  in  milligrams  along  OB,  and 
to  lay  off  values  in  cents  per  ton  along  OA.  Here  CD  will  probably  not 
be  a  45°  line,  but  will  be  one  connecting  two  points,  C  and  D,  which 
have  values  such  that 

OD        OC 


X  y 

where  x  is  the  number  of  assay  tons  of  the  solution  taken  for  assay,  and 
y  is  the  value  in  cents  per  ounce  of  gold  or  silver. 

It  sometimes  happens  that  the  pulp  is  too  thick  to  make  practicable 
the  method  just  described  of  direct  decantation  and  assaying  of  solu- 
tion for  the  value  of  v.  For  notes  on  a  method  recommended  in  such 
cases,  and  the  explanation  of  a  chart  for  the  calculations  of  same,  the 
reader  is  referred  to  the  Engineering  and  Mining  Journal  of  March  27, 
1915. 

The  cyanide  loss  in  tailings  is  usually  expressed  as  a  number  of 
pounds  per  ton  of  dry  pulp  discharged.  The  number  of  pounds  per 
ton  of  solution  is  found  by  titration  and  the  following  formula  applied : 

ap 

=  P  (  4) 


1  —  a 

Formula  (4)  is  of  exactly  the  same  nature  as  formula  (3)  and  the 
;same  chart.  Fig.  90,  may  be  used  for  both. 

It  is  often  desired  to  know  the  water  ratio  of  a  pulp :  that  is,  the 
number  of  tons  of  solution  per  ton  of  solids.  The  water  ratio  of  any 
pulp  is  expressed  by  the  formula: 

a 

R  = (5) 

1  —  a 


Now,  as  has  been  shown,  the  quantity  has  the  value  of  s  in  the 

1—a 
equation  of  a  straight  line  passing  through  the  origin.  It  is  the  tangent 
of  the  angle  which  the  diagonal  line  makes  with  the  axis  of  x,  or  in  Fig. 
90  with  the  line  OB.  Hence  the  water  ratio  is  the  tangent  of  the  angle 
which  the  percentage  water  line  makes  with  the  line  of  zero  percentage 
v/ater,  or  OB  of  Fig.  90.  This  being  the  case  we  may  lay  off  on  OA 
values  of  R,  and  to  the  same  scale  lay  off  OG,  on  OB,  equal  to  unity, 
and  draw  GH  parallel  to  OA.  Now  the  percentage  water  lines  will 
cross  GH  on  that  horizontal  line  corresponding  to  the  desired  value 
ofi^. 

A  chart  similar  to  the  water  ratio  chart  may  be  used  to  determine 
the  number  of  cubic  feet  of  solution  per  ton  of  dry  pulp  and  many 
other  similar  problems. 

The  tonnage  measurement  of  pulp  streams  of  nearly  constant  volume, 
such  as  tube-mill  discharges,  offers  a  considerable  problem  to  the 
metallurgist.     Such  measurements  are  usually  made  by  taking  the  time 
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required  for  the  stream  to  fill  a  given  volume,  such  as  one  cubic  foot. 
The  following  formula  may  then  be  applied: 

2100d{g  —  l) 
T  = (6> 

t  {d  —  1) 

in  which  t  is  the  time  in  seconds  required  to  fill  one  cubic  foot  of  volume. 

2700  c? 

For  any  ore  d  is  a  constant  and  hence  the  quantity  is  a  con- 

d  —  1 
stant.     Once  d  is  known  for  the  given  ore  the  formula  becomes : 


c{g  —  l) 


(7) 


This  equation  is  a  rather  special  case  of  equation  (1),  but  it  can  be 
solved  by  the  same  general  methods. 

Referring  to  Fig.  91,  on  OB  laj^  off  values  of  T  to  some  convenient 
scale,  starting  at  0  as  zero,  and  on  OA  lay  off  values  of  g,  starting  with 
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Fig.  91 — Chart  for  Pulp-Stream  Measurements 

0  as  the  point  where  fir  =  1.  Or,  which  is  the  same  thing  and  practically 
more  handy,  OA  may  read  the  actual  weights  of  the  cubic-foot  volume 
taken,  starting  at  O  with  the  weight  of  the  container  when  full  of  water. 

Diagonal  lines,  similar  to  those  of  Fig.  90,  may  now  be  drawn  repre- 
senting values  of  i,  so  that  the  horizontal  line  representing  the  value  of 
fir,  or  weight  found,  will  intersect  the  diagonal  representing  the  observed 
time  of  filling  {i)  vertically  above  the  desired  value  of  T. 

Now  if  fir  =  1,  T  will  equal  zero  and  it  follows  that  all  the  i  lines 
intersect  at  0.  If  i  is  equal  to  zero  then  will  T  equal  infinity  except 
for  the  case  where  g  is  equal  to  unity ;  here  T  is  equal  to  zero  divided  by 
zero  which  is  an  indeterminate  and  may  have  all  values  from  zero  to  in- 
finity. Hence  the  line  representing  t  equals  zero  and  coincides  with 
OB.  If  i  equals  infinity,  then  will  T  equal  zero,  and  the  line  repre- 
senting i  equals  infinity  and  coincides  with  OA.  All  other  values  of  i 
are  diagonals  lying  between  OA  and  OB. 

The  t  lines  are  all  straight  lines;  because  if  i  be  held  constant  and  g 
varied  by  equal  increments,  then  will  T  vary  by  increments.  If  g  is 
held  constant  and  i  is  made  to  vary  by  equal  amounts,  then  will  T  vary 
along  a  curve.  Practically  the  best  way  to  draw  in  the  t  lines  is  to  solve> 
the  equation  for  each  value  of  i  liable  to  occur  in  the  practice  for  which 
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the  chart  is  made,  holding  g  constant.  By  this  method  a  series  of 
other  points  besides  0,  such  as  a,  h,  c,  d,  etc.,  on  each  desired  t  line, 
is  found.  It  now  only  remains  to  draw  in  the  t  lines  and  number 
them. 

In  the  second  case  the  three  quantities  going  to  make  up  the  equation 
bear  such  a  relation  to  one  another  that  if  any  one  of  the  three  quantities 
be  held  constant  and  a  second  varied  by  equal  amounts,  the  third  would 
be  found  to  vary  by  unequal  amounts,  or  along  a  curve.  In  problems 
of  this  kind  it  is  impossible  to  construct  a  simple  chart  on  the  lines 
previously  outlined,  for  we  have  no  longer  the  simple  equation  of  a 
straight  line,  but  that  of  a  curve.  It  may,  however,  be  solved  by  a 
straight-line  graphic  method  by  drawing  in  two  sets  of  diagonal  lines, 
radiating  from  different  points,  so  as  to  cross  each  other.  These  sets 
of  lines  represent  two  of  the  three  values  of  the  equation,  while  ordinates 
or  abscissas  represent  the  third.  The  lines  representing  any  two  of 
these  factors  meet  on  that  point  where  the  proper  value  of  the  third 
factor,  necessary  to  balance  the  equation,  meets  them  both. 

There  is  at  least  one  pulp  problem  of  prime  importance  which  falls 
in  this  class.     By  referring  again  to  Fig.  90  it  may  be  discussed. 

This  problem  was  solved  graphically  in  a  very  ingenious  way  by 
Mr.  McLain.  My  method  is  similar,  but  in  many  respects  the  reverse 
of  that  given  by  McLain.  My  three  quantities  entering  into  this  equa- 
tion are  a,  h  and  g.  The  relationship  between  them  is  expressed  by 
the  formula: 

d  —  g 

(8) 


g  (d  —  i) 


which  is  evidently  of  the  form  of  the  second  case. 

On  a  chart  constructed  in  accordance  with  Fig.  90,  lay  off  on  OB  to 
some  convenient  scale,  the  density,  d,  of  the  ore.  Let  this  be  OF.  Now 
on  OA  lay  off,  to  the  same  scale,  OE  equal  to  the  gravity  of  the  solution ; 
that  is,  unity  as  a  rule.  Divide  OF  into  equal  parts  varying  from  unity 
at  0  to  d  at  F.  These  divisions  represent  the  gravities,  g  of  the  pulps 
which  are  possible  from  the  ore  whose  density  is  d.  Draw  EF.  Now 
when  g  is  determined  by  the  gravity  bottle  or  other  method,  the  vertical 
line  representing  this  value  of  g  intersects  EF  at  the  same  point  as 
does  the  diagonal  line  representing  the  percentage  of  solution,  a,  sought. 

This  last  described  chart,  giving  the  relation  between  a,  d  and  g,  may 
be  made  according  to  the  method  outlined  only  when  CD  is  a  45°  line. 
If  the  dissolved  value  chart  be  made  along  the  line  previously  suggested ; 
that  is  wherein  CD  is  not  a  45°  line,  it  is  necessary  that  OF  and  OE 
bear  a  relationship  different  to  one  another  than  that  of  OE  :  OF  :  :  1  :  d. 
If  the  chart  is  constructed  in  this  manner  the  relationship  between  OF 
and  OE  will  be  such  that 

V  V 

-  =  d  — 
X  y 

where  x  and  y  have  the  same  values  as  that  assigned  to  them  in  the  dis- 
cussion of  the  dissolved  value  chart. 
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In  discussing  the  various  charts  a  single  figure  has,  for  the  most  part, 
been  used.  In  the  actual  use  of  this  method  of  analysis  it  is  better 
to  make  individual  charts  for  each  problem  to  be  solved;  thus  avoiding 
unnecessary  lines  and  figures. 

In  what  has  gone  before  I  have  attempted  to  give  the  outline  of  a 
method  of  graphic  solution  of  pulp  problems,  and  explain  the  same  by 
giving  methods  for  the  analysis  of  a  few  of  the  more  commonly  occurr- 
ing ones.  The  scope  of  this  field  has  only  been  touched ;  but  the  under- 
lying principles  of  the  method  may  be  applied  to  nearly  every  pulp 
problem,  and  little  difficulty  should  be  encountered  in  extending  them 
beyond  the  scope  of  this  paper. 

By  drawing  such  charts  to  large  scale  and  exercising  care  in  their  con- 
struction, they  may  be  made  as  accurate  as,  or  even  more  so  than,  the 
measurements  can  be  taken,  and  fully  accurate  enough  for  all  practical 
purposes. 

.  Following  is  a  list  of  articles  containing  further  illustratictos  of  the 
use  of  graphic  charts  of  the  class  discussed  in  this  chapter  and  pertain- 
ing to  kindred  subjects. 

Upon  request,  the  Codex  Book  Company,  Inc.,  19  William  Street, 
New  York,  will  be  glad  to  procure,  where  possible,  copies  of  magazines 
containing  the  articles  needed,  only  charging  the  "old  magazine"  price, 
plus  postage. 

''Diagram  for  Computing  Rock  in  Sewer  Trenches,"  C.  A.  Bryan, 
Erigineering  News,  June  3,  1915. 

''Nomography  in  Engine  Design,"  F.  Leigh  Martineau  and  A.  Mar- 
shall Arter,  Automotive  Industries,  Series,  May  16,  23,  30,  1918. 

''Flow  of  Water  in  Pipes,"  Hazen  &  Williams  formula.  Journal  of 
Electricity,  Power  and  Gas,  October  2,  1915. 

"Darcy's  Formula  (Flow  of  Water),"  Albert  E.  Guy,  Catalogue 
American  Spiral  Pipe  Works,  Page  7. 

"Chart  Determining  Flow  of  Water  Through  Pipes  and  Friction 
Loss,"  Electrical  World,  November  4,  1916. 

"Diagrams  for  Determining  Friction  Loss  in  New  Cast  Iron  Pipe," 
Engineering  and  Contracting,  January  31,  1912. 

"To  Find  the  Length  of  a  Leather  Belt  by  Weighing,"  W.  F.  Schap- 
horst.  Engineering  and  Mining  Journal,  July  14,  1917. 

"A  Logarithmic  Diagram  for  Finding  Brake  Horse  Power,"  Engineer- 
ing and  Contracting,  July  11,  1917. 

"Solar  Declinations  Computed  by  Graphic  Method,"  Robert  R.  V. 
Reynolds,  Engineering  Record,  August  7,  1915. 

"Graphical  Presentation  of  Conductor  Properties,"  Andres  Ham, 
Electrical  World,  February  10,  1917. 

" Electrophysics  and  Mairnetism,  (Hysteresis  Loss),"  A.  Castex,  Elec- 
trical World,  Sept.  30,  1916. 

"Cleveland  Municipal  Electric  Plants,"  A.  D.  Williams,  Power,  Nov. 
25,  1913. 

"Charts  for  Eccentric  Loading  on  Rectangular  Areas,"  S.  M.  Gotten, 
Engineering  News,  Dec.  7,  1916. 

"Chart  for  Equivalent  Twisting  Moments,"  Brent  C.  Jacob,  American 
Machinist,  Aug.  2,  1917. 
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"Chart  for  Obtaining  the  Velocity  of  Air,"  Francis  J.  G.  Renter, 
American  Machinist,  Feb.  1,  1917. 

''Graphic  Solution  of  Compressed  Air  Transmission  Formula,"  En- 
gineering and  Mining  Journal,  Jan.  25,  1913. 

''Graphic  Solutions  of  Some  Compressed-Air  Calculations,"  C.  W. 
Crispell,  Transactions  of  the  Amer.  Inst,  of  Mining  Engineers,  June, 
1917. 

"To  Determine  Income  at  Known  Load  Factor,"  Electrical  World, 
Aug.  17,  1918. 

''Dimensions  of  Dished  Heads,"  E.  W.  Ashenden,  Power,  March  6, 
1917. 

"Diagram  for  Computing  Earthwork,"  Engineering  and  Contracting, 
July  19,  1916. 

"Ice  and  Salt  Mixtures,"  Gilbert  H.  Crawford,  Jr.,  Poiver,  June  10, 
1913. 

"Graphical  Determinatioli  of  Trigonometric  Functions,"  Power, 
February  3,  1914. 

"Diagram  for  Estimating  Earthwork  in  Canals,"  Charles  K.  Fox  and 
Charles  M.  Stokes,  Western  Engineering,  May,  1917. 

"A  Method  of  Plotting  River  Stage-Discharge  Data,"  Ernest  W. 
Schoder,  Engineering  Records,  August  3,  1912. 

"Diagrams  for  Thermal  Corrections  for  Road  Oil  and  for  Contents 
of  Tanks,"  E.  Earl  Glass,  Engineering  and  Contracting,  December  6, 
1916. 

"Charts  Give  Contents  of  Cylindrical  Tanks  Without  Computation," 
E.  Earl  Glass,  Engineering  News-Record,  October  3,  1918. 

"Diagram  Giving  Excess  Loss  of  Head  in  90°  Bends,"  Frank  S. 
Bailey,  Engineering  News,  March  2,  1916. 

"Curves  for  Irrigation-Ditch  Velocity  and  Discharge,"  Julian  Hinds, 
Engineering  News,  August  24,  1916, 

"Alignment  Chart  for  Feeds,  Speeds,  etc.,  for  Lathe  Tools,"  A.  Lewis 
Jenkins,  American  Machinist,  March  14,  1918. 

"Chart  for  Milling  Cutters,"  A.  Lewis  Jenkins,  American  Machinist, 
July  19.  1917. 

"Chart  for  Determining  Planing  Time,"  A.  Lewis  Jenkins,  American 
Machinist,  October  24,  1918. 

"Chart  for  Quickly  Determining  Cutting  Speeds  and  Feeds,  J.  B. 
Peddle,  American  Machinist,  March  15,  1917. 

"Diagram  for  Overturning  Moments  on  Retaining  Walls  for  Earth 
or  Water,"  C.  H.  Hoyt,  Engineering  News,  April  25,  1907. 

"Power  Transmitted  by  Belts,"  W.  F.  Schaphorst,  Engineering  and 
Mining  Journal,  August  18,  1917. 

"Charts  Tell  Weight  of  Sheeting  for  Round  or  Box  Cofferdams,"  N. 
G.  Near,  Engirieering  Record,  October  7,  1916. 

"Determining  Pipe  Main  Sizes,"  Alfred  Iddles,  Power,  June  19, 
1917. 

"Chart  for  Pipe  Areas,"  W.  F.  Schaphorst,  Engineering  and  Mining 
Journal,  November  16,  1918. 

"A  Handy  Excavation  Chart,  Field  Note  Dept.,"  Excavating  En- 
gineer, P.  0.'  Box  607,  Milwaukee,  Wis. 

"A   Handy  Chart  for  Figuring  Power  Capacity  and  Efficiency  of 
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Pumps,"  W.  F.  Schaphorst,  Engineering  and  Contracting,  August  9, 
1916 

''Boiler-Efficiency  Chart,"  John  C.  Parker,  Power,  June  10,  1913. 

''Nomographic  Chart  for  Computing  Flow  in  Wood-Stave  Pipe," 
Carl  Maughmer,  Western  Engineering,  May,  1917. 

"The  Weight  of  Pipe,"  W.  F.  Schaphorst,  The  Gas  Age,  January 
15,  1917. 

"Chart  for  Finding  Factor  of  Evaporation,"  Franz  Szabo,  Power, 
November  12.  1918. 

"The  Comparative  Capacity  of  Elevators  and  Escalators  for  Hand- 
ling Crowds,"  Chas.  D.  Seeberger,  Engineering  News,  May  2,  1917. 

"The  Maximum  Weights  of  Slow  Freight  Trains,"  The  Engineering 
Record,  March  6,  1909. 

"Determining  Mine-Car  Friction,"  N.  G.  Near,  Coal  Age,  August  11, 
1917. 

"Calculating  Illumination  Density,  Neville  S.  Dickinson,  Electrical 
World,  September  20,  1913. 

"The  Ellenwood  Steam  Charts,"  C.  Harold  Berry,  The  Sihley  Journal 
of  Engineering,  IMay,  1916. 

"Calculation  of  Plant  Efficiencies  and  Fuel  Costs,"  J.  T.  Foster, 
Power,  March  4,  1919. 

"Chart  for  Estimating  Change  in  Declination  of  Sun,"  Coal  Age, 
May  18,  1918. 

"The  Ross  Mediograph,"  J.  T.  Beard,  Coal  Age,  April  20,  1918. 

"Graphical  Determination  of  Line  Constants,"  T.  A.  Wilkinson, 
Electrical  World,  March  16,  1918. 

"Method  for  the  Graphical  Construction  of  a  Direct  Reading  Scale 
for  Wheatstone  Bridge,"  J.  Carl  Fisher,  Scientific  American  Supple- 
ment, May  16,  1914. 

"Sags  and  Tensions  of  Overhead  Conductors,"  Alfred  Still,  Elec- 
trical World,  May  11,  1912. 

"Simplified  Sag  Formulas,"  H.  V.  Carpenter,  Electrical  World,  July 
13.  1912. 

"Graphical  Solution  of  Transmission  Line  Problem,"  T,  A.  Wilkin- 
son, Electrical  World,  August  12,  1916. 

"Pressure  Drop  in  Alternating-Current  Lines,"  M.  J.  Eichhom,  Elec- 
trical Review  and  Western  Electrician,  January  11,  1913. 

"Visits  of  Inspector  Brown  (diagraming  formula  for  stay-bolt),"  J. 
E.  Terman,  Power,  April  10,  1917. 

"Rapid  Reckoning  Chart,"  Electrical  World,  April  8,  1916. 

"The  Flow  of  Steam  Through  Pipes,"  H.  V.  Carpenter,  Power,  June 
10,  1913. 

"Coal  to  Heat  Factory  Buildings,"  James  D.  White,  December  16, 
1913. 


CHAPTER  XYII 
Designing  and  Estimating 

There  is  almost  no  limit  to  the  use  of  charts  for  designing  and  estimat- 
ing purposes.  In  the  former  capacity  they  frequently  eliminate  the 
necessity  of  long  and  tedious  calculations.  Further,  they  furnish  a 
means  for  determining  economical  designs  much  more  easily  and  readily 
than  by  the  comparison  of  the  results  of  long  computations. 

For  estimating  purposes  they  present  a  rapid  and  accurate  method 
and  one  which  is  highly  recommended  for  wider  use. 

Out  of  the  multitude  of  examples  naturally  it  has  been  possible  to 
quote  but  a  few,  but  these  few  have  been  selected  so  that  they  cover  a 
wide  field  and  it  is  hoped  that  they  will  offer  many  valuable  suggestions 
for  the  adoption  of  similar  methods  in  other  directions. 

Concrete  Bridge  Floors.  Wm.  Snaith  shows  the  application  of 
graphical  charts  to  design  in  his  article,  ''Standard  Bridge  Floors  of 
Concrete  Slabs  on  Steel  Beams,"  published  July  12,  1917,  in  Engineer- 
ing News-Record. 

Concrete  floors  on  highway  bridges  are  a  sufficiently  recent  develop- 
ment to  make  of  value  any  data  on  the  design  of  the  steel  floor  system 
to  support  them.  Even  the  latest  works  on  the  subject  discuss  wooden 
floors  exhaustively,  but  contain  little  information  as  to  the  stringers  and 
floor-beams  for  concrete  floors.  It  is  the  intention  of  the  writer  to  sup- 
ply this  deficiency  by  the  diagrams  here  given  for  standard  clear  widths 
of  roadway  varying  from  14  to  20  ft.  and  for  panel  lengths  from  6  to 
35  ft.  The  economical  panel  length  for  concrete  floors,  when  the  floor 
only  is  considered  apart  from  the  trusses,  will  appear  from  inspection 
of  a  cost  chart  presented  herewith. 

All  the  floor  systems  investigated  have  been  designed  to  meet  the 
usual  standard  specifications  as  to  construction.  The  dead-load  D  is 
taken  to  include  the  weight  of  the  concrete  slab,  the  supporting  steel 
and  two  handrails  each  weighing  200  lb.  per  lin.  ft.  The  live-load  L 
is  either  a  15-ton  road  roller  or  a  uniform  load  of  100  lb.  per  sq.  ft., 
whichever  gives  the  greatest  stresses.  The  roller  is  assumed  to  consist 
of  two  back  wheels  with  20-in.  face  and  5-ft.  center  to  center  and  of  one 
front  wheel  with  40-in.  face,  the  axles  being  10  ft.  center  to  center  and 
the  load  on  each  of  the  three  wheels  being  10,000  pounds. 

The  effect  of  impact  is  calculated  from  the  formula: 

Impact 


2{D-i-L) 


This  impact  formula  will  give  uniformly  better  results  than  a  straight 
percentage  of  the  live-load  or  a  formula  based  only  on  live-load  and 
panel  length. 
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The  calculations  have  been  simplified  by  several  assumptions  that 
err  on  the  side  of  safety  and  are  only  slightly  in  error. 

The  maximum  bending  moment  has  been  assumed  to  equal  the  sum 
of  the  maximum  live-load  and  de^d-load  moments.  The  dead-load  per 
lineal  foot  per  stringer  has  been  taken  in  round  figures  at  the  nearest 
multiple  of  25  above  the  actual.  The  live-load  from  the  roller  loading 
on  the  side  stringers  is  taken  in  even  thousands  of  pounds. 

The  weight  of  each  wheel  is  assumed  to  act  at  a  point  in  stringer  and 
floor-beam  calculations.  In  stringer  calculations  the  slab  is  assumed 
not  to  be  continuous. 

The  theoretical  length  of  floor-beam  or  distance  between  center  lines 
of  trusses  is  assumed  to  be  2  ft.  greater  than  the  clear  width  of  roadway. 

The  depth  of  concrete  floor  slabs  is  Ms  the  maximum  span  between 
stringers,  with  a  wearing  surface  of  3  in.  of  concrete.  An  asphalt  wear- 
ing surface  or  creosoted  wood  block  on  sand  will  give  approximately 
the  same  loading.  Earth  fill  to  a  depth  of  4  in.  would  do  so  also,  but 
this  depth  is  insufficient.  To  increase  the  earth  fill  to  about  9  in.  aver- 
age depth  will  increase  the  total  stresses  in  stringers  and  floor-beams 
by  about  15%. 

The  total  width  of  slab  has  been  taken  to  be  1  ft.  wider  than  the  clear 
width  of  roadway,  to  allow  for  a  wagon  guard  on  the  curb  6  in.  high 
on  each  side. 

The  dead-load  on  the  middle  stringer  of  course  includes  the  weight 
of  the  slab  and  stringer.  For  maximum  live-load  stresses  the  15-ton 
roller  only  need  be  considered.  For  35-ft.  span  and  5-ft.  spacing  this 
gives  greater  stresses  than  a  uniform  live-load  of  165  lb.  per  sq.  ft. 

For  a  roller  of  the  dimensions  and  weight  assumed,  and  for  spans 
up  to  17.1  ft.,  the  maximum  bending  moment  will  occur  under  one  wheel 
when  it  is  at  the  center  of  the  span.  For  spans  beyond  17.1  ft.  the 
roller  is  assumed  to  be  slewed  slightly  on  the  bridge,  so  that  one  back 
wheel  and  the  front  wheel  come  directly  over  the  stringer.  The  max- 
imum bending  moment  then  occurs  under  the  wheel,  which  has  traveled 
2  ft.  6  in.  beyond  the  center  of  the  span.  The  value  of  the  maximum 
bending  moment  in  foot-pounds  when  one  stringer  is  assumed  to  sus- 
tain the  whole  load  is  given  by  the  formula : 


1 1  12.5  \ 

M„ax=W( 5-f 1 


where  W  is  weight  of  one  wheel  and  I  is  the  panel  length,  or  span,  of 
the  stringer. 
The  maximum  end  reaction  R  is 


Br 


=  w  +  w(i-l^) 


the  last  term  vanishinsr  for  spans  less  than  10  ft. 

The  side  stringers  are  designed  for  a  dead-load  consisting  of  one-half 
the  slab  between  the  side  and  nearest  middle  stringer,  all  the  slab  and 
curb  overhanging,  the  stringer  itself  and  a  handrail  assumed  to  weigh 
200  lb.  per  linear  foot. 
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The  roller  will  produce  the  maximum  live-load  stresses  in  the  side 
stringers  when  the  front  wheel  and  one  back  wheel  are  just  touching- 
the  curb.  The  portion  of  each  wheel  to  be  supported  by  the  side 
stringers  will  be  different  for  different  distances  of  the  stringers  from 
the  curb.  Values  for  these  loadings  were  carefully  calculated  for  each 
of  the  floor  systems  considered. 

The  dead-load  on  the  floor-beam  is  conveniently  calculated  from  the 
stringer  reactions,  the  amount  of  excess  due  to  increasing  the  actual 
figures  into  round  numbers  being  more  than  sufficient  to  account  for 
the  weight  of  the  floor-beam  itself. 

The  maximum  bending  moment  due  to  the  live-load  occurs  with  the 
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two  back  wheels  on  the  floor-beam  under  the  wheel  which  is  1  ft.  3  in. 
from  the  center  of  the  span.  The  front  wheel  at  the  same  time  is  on 
the  center  line  of  the  bridge.  For  panel  lengths  less  than  10  ft.  the 
front  wheel  is  not  considered,  and  for  those  over  20  ft.  the  uniform 
load  of  100  lb.  per  sq.  ft.  will  give  greater  values,  in  general,  but  in 
the  latter  case  it  is  necessary  to  make  the  calculations  for  both  conditions. 

For  the  maximum  end  reaction  the  roller  is  placed  with  the  front 
wheel  and  one  back  wheel  near  the  curb  and  the  two  back  wheels  directly 
over  the  floor-beam.  When  the  panel  length  exceds  20  ft.,  it  is  advisable 
also  to  calculate  the  results  for  uniform  loading. 

The  particulars  of  the  floor  systems  considered  are  given  in  Table  1. 
The  values  given  for  the  dead-load  per  lineal  foot  on  the  stringers  are 
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based  on  actual  calculations  made  for  panel  lengths  of  11,  19,  30  and 
35  feet. 

The  maximum  bending  moments  on  the  stringers  are  shown  by  the 
curves  in  Fig.  1.  The  maximum  bending  moments  for  the  usual  stock 
sizes  of  I-beams  have  also  been  indicated,  and  these  sizes  were  adopted 
in  calculating  the  total  weight  of  the  steel  in  each  sj^stem.  From  these 
curves  the  stringers  used  for  any  span  of  the  standard  floor  systems 
can  be  read  directly.  Where  heavier  than  standard  rolled  sections  are 
available,  the  necessary  interpolation  is  a  simple  matter. 

The  maximum  bending  moments  and  end  reactions  of  the  floor-beams 
are  given  by  the  curves  in  Figs.  2  and  3.  The  section  moduli  required 
for  a  unit  stress  of  16,000  lb.  per  sq.  in.  are  shown  in  Fig.  2,  and  the 

TABLE    I.     PARTICULARS    OF   FLOOR    SYSTEMS   CONSIDERED    IN   ANALYSIS    OF 

STRESSES 

Dimensions  of  Dimensions  of 

Standard  Floor  Systems  Alternative  Floor  Systems 

Clear  width  of  roadway,  in  ft 12      14      16      18      20  12      16      16      16      16      18 

Number  of  stringers   3        4        4        4        5  4        5        6        7        9        5 

Thickness  of  slab,   in  in 88888  887658 

Snacing   of    middle   stringers,    in    ft 5        5        5        5  5        5        4        3        2        6 

Distance  middle  to  side  stringers,  in  ft.  and  in..  5-0  3-9  5-0  5-0  4-6  3-9  3-3  2-3  2-3  2-3  3-9 
Distance  side  stringers  to  end   of   floor-beam, 

in  ft.   and   in 2-0    1-9    1-6    2-6    1-6  0-9    0-9    0-9    0-9    0-9    1-3 

Dead-load  in  lb.  per  lin.  ft.  on  middle  stringers: 

Panels     6  ft.  to  19  ft 550    550    550    550    550  550    550    400    270    160    550 

Panels  20  ft.  to  35  ft 575    575    575    575    575  525    500    400    350    375    575 

Dead-load  in  lb.  per  lin.  ft.  on  side  stringers: 

Panels     6  ft.  to  19  ft 675    600    625    725    600  500    475    400    350    375    550 

Panels  20  ft.  to  35  ft 700    625    650    750    625  575    575    400    270    160    575 

maximum  bending  moments  on  the  usual  stock  I-beams  and  a  selected 
line  of  plate  girders  are  also  indicated.  From  the  curves  in  Figs.  2  and 
3  the  floor-beams  for  any  span  up  to  35  ft.  can  be  obtained.  Fig.  3  can 
also  be  used  to  obtain  maximum  panel  loads^  for  truss  bridges. 

Average  prices  for  steel  beams  in  place  in  bridge  floors  and  for  con- 
crete in  place  were  assumed,  and  the  total  cost  of  one  bay  (slab,  curb, 
stringers  and  floor  beam)  was  calculated.  These  values  were  divided  by 
the  area  of  floor  supported  (nominal  width  multiplied  by  panel  length), 
and  the  results  were  expressed  in  curves.  Fig.  4. 

Owino:  to  the  use  of  commercial  sizes  and  abrupt  changes  in  loading, 
when,  for  example,  the  whole  roller  is  taken  into  account  instead  of  only 
two  back  wheels,  or  when  the  uniform  live-load  replaces  the  roller  load 
in  the  calculations,  these  curves  are  not  smooth  and  actually  cross  over 
one  another.  It  is  not  to  be  understood  that  the  figures  represent  actual 
probable  costs;  they  are  approximate  only  and  will  be  affected  by  changes 
in  cost  of  materials  and  locality.  However,  they  are  of  value  for  pur- 
poses of  comparison  and  clearly  indicate  the  economic  panel  length  when 
the  floor  systems  only  are  considered. 

Alternative  floor  systems  were  carefully  calculated  by  the  same  meth- 
ods as  those  adopted  and  proved  to  be  more  expensive  in  every  case.  An 
interesting  comparison  was  made  in  the  case  of  the  16-ft.  roadway  sys- 
tem. Five  systems  were  investigated  out  with  various  thicknesses  of 
slab  and  were  plotted  similarly  to  Fig.  4.  The  four-stringer  system 
shows  a  notable  economy  at  all  spans.  The  seven-stringer  system  is  al- 
most as  economical  at  10-ft.  panel  length  as  the  four-stringer  system  and 
least  so  at  35-ft.  panel  length.     Exactly  the  reverse  is  true  of  the  six- 
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stringer  system.  The  way  in  which  the  curves  crossed  one  another 
would  show  that  no  general  statement  would  be  warranted  that  the  fewer 
the  stringers  the  greater  the  economy.  Each  case  must  be  settled  on  its 
merits. 

The  amounts  of  the  errors  due  to  the  various  assumptions  were  care- 
fully investigated.  They  are  inconsiderable  and  invariably  on  the  side 
of  safety.  The  expression  of  the  dead-load  figures  in  multiples  of  25  lb. 
will  not  in  any  case  involve  an  error  of  more  than  1%  in  the  total,  and 


5,3 

1 

90                                                                                       -L 

J 

zb                             7   r 

90                                                                  -^        -f- 

J  -^          UL 

t.::::::TLv 

iL       flfY 

-iB5                                L%ml      -A^ 

r //Af^ 

t....////: 

1 4A            LCi/y 

55             U-U-/ 

^W/ 

»^<;^/ 

^^7     4- 

2ol — 1 — 1     1     1 — 1 — \ 1 — 1 — L_ 

6     6I0I2I4I6I6Z022Z4Z6 
Panel  Length  in  Feet 


30    3Z    34  36 


68     I0I2W1618    20    2Z24   26    26J0    32M3& 
Panel  Lenath  in  Feet 


Fig.  3 — End  Reactions  for  Floor-Beams     and  curb. 


Fig.  4 — Estimated  Costs  of  Floors  per 
Square  Foot 
Includes    floor-beams,    stringers,    slab 


the  effect  of  the  round  figures  adopted  for  the  roller  loadings  on  the  side 
stringers  does  not  exceed  the  actual  loadings  by  more  than  4%  of  the 
total  results  at  35-ft.  panel  lengths.  The  sum  of  the  three  errors  above 
will  hardly  amount  to  4%  for  panel  lengths  less  than  20  ft.  and  not  more 
than  6%  at  ?{5  ft.  in  any  instance, 

Column  Design.  From  Engineering  and  Contracting  March  4,  1914, 
is  taken  the  following  article,  ''Graphical  Designs  of  Eccentrically 
Loaded  Columns,"  by  H.  B.  Cooley. 

The  design  of  columns  subject  to  cross-bending  stresses  in  addition  to 
axial  loads  involves  a  preliminary^  approximation,  either  as  to  size  of 
flection  or  unit  stress,  followed  by  investigation  using  a  rather  compli- 
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When  Ccflumn  Carries  Combined  A  xiol  and  Eccentric  Load  use  Value  of(e)  in  Diagram  •  Actual  Eccer.tncity  X  p;^ 


Fig.  5 — Diagram  for  Determining  the  Required  Area  for  Plate-and-Angle  Columns 
Eccentrically  Loaded — Diagram  also  Applicable  to  Axially  Loaded  Columns 
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cated  formula.  In  some  cases  this  process  must  be  repeated  several 
times  before  a  suitable  section  is  obtained,  and  it  is  to  avoid  this  labor 
that  the  diagram  of  Fig.  5  was  plotted. 

Although  the  method  used  in  constructing  the  diagram  is  general,  the 
following  limitations  are  involved  for  the  particular  graph ,  shown  in 
Fig.  5. 

(a)  The  diagram  as  plotted  considers  only  the  I-section  type  of  col- 
umn, i,  e.,  a  column  composed  of  a  web  plate  and  four  angles,  either  with 
or  without  cover  plates.  The  nominal  width  shown  in  Fig.  5  is  that  of 
the  web,  but  the  width  used  in  plotting  was  the  width  of  the  web  plate 
plus  ^-in. 

(b)  The  safe  loads  as  given  are  for  the  strength  of  a  column  about  an 
axis  perpendicular  to  the  web. 

I 

(c)  The  allowable  unit  stress  is  based  upon  the  formula  16,000 — 70 — , 

r 
where  I  =  length  of  column,  in  inches,  and  r  =  radius  of  gyration  about 
an  axis  perpendicular  to  the  web. 

The  method  of  deriving  the  equations  used  in  plotting  the  various  lines 
of  the  diagram  is  herewith  given,  the  nomenclature  being  as  shown 
below : 

8  =  unit  stress  in  pounds  per  square  inch, 

I  =  length  of  column  in  inches, 

L  =  length  of  column  in  feet, 

r^rr^  radius  of  gyration  about  an  axis  perpendicular  to  the  web, 

P  =  axial  load  on  column  in  thousands  of  pounds, 

W  =  eccentric  load  on  column  in  thousands  of  pounds, 

h  =  width  of  column  web  plus  %  in., 

c  =  distance  from  neutral  axis  to  extreme  fiber, 

a  =  area  of  column  in  square  inches, 

f=  moment  of  inertia  about  an  axis  perpendicular  to  the  web, 

e  =  eccentricity  of  load,  W,  in  inches. 

Then 

I 
;Sf  =  16000  — 70  — ;  (1) 

r 

P        Mc 

also  S  =  —-i .  (2) 

A  I 

But  I  =  ar\  (3) 

Substituting  r  =  OAh  in  equation  (3)  (this  value  of  r  is  approximate, 
but  for  sections  in  common  use  gives  close  results),  we  have 

/  =  0.16a/i2  (4) 

Substituting  in  equation  (1)  for  r  its  value  OAh,  and  for  I  its  value 
in  feet;  also  substituting  in  equation  (2)  the  value  of  /  given  m  equation 
C4),  we  have 
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L 

iSf  =  16  000  — 2100— .  (l,a) 

h 

P  M 

S  =  -  +  — .  (2,a) 

a  0.32  a  h 

Equating  values  of  8  given  in  equations  (1, a)  a'nd  (2, a),  we  have: 

2,100  L        P  M 

16  000 =  — H .  (5) 

h  a        0.32  a  h 

The  above  equation  now  contains  five  variables,  and  can  be  plotted 
in  four  quadrants,  as  shown  in  Fig.  5. 

There  are  three  general  cases  of  column  loading  that  may  arise,  any 
one  of  which  can  be  solved  by  use  of  the  diagram,  as  will  now  be  shown 
by  the  solution  of  particular  examples: 

Case  I:  Axial  Load  Only. — In  this  case  the  last  term  on  the  right- 
hand  side  of  equation  (5)  is  zero;  therefore  only  two  quadrants  are  re- 
quired for  the  solution. 

Example:  Column  15  ft.  long,  with  10-in.  web  plate;  load  =  300,000 
lbs. ;  find  required  area  of  the  column,  for  strength  about  axis  per- 
pendicular to  the  web. 

Under  the  line  marked  ''Length  of  Column  in  Feet"  proceed  vert- 
ically upward  to  the  diagonal  line  marked  10  ins. ;  thence  horizontally 
to  the  left,  noting  where  the  horizontal  line  intersects  a  vertical  line 
passing  through  the  given  load  300  (thousand),  which  is  marked  on  line 
''Axial  Load  P  in  1,000  Lbs.";  the  required  area  is  found  to  be  23  sq. 
ins.  From  the  handbooks  or  from  specially  prepared  tables  this  area 
can  be  made  up  to  suit  conditions.  For  example,  four  6  x  4  x  ^^-in. 
angles  and  one  10  x  %-in.  web  plate  give  an  area  of  22.75  sq.  ins.,  and 
r  =  4.20  ins.     The  efficiency  of  this  section  is  about  99.5%. 

Case  II:  Eccentric  Load  Only. — Replacing  the  eccentric  load  by  an 
axial  load  and  a  couple  equal  to  W  e,  we  have : 

L        W  W  e 

16000  —  2100  —  =  —  + 


h       a         0.32  «/t 


flL        0.32/1  J 


(6) 


Knowing  any  four  of  the  above  quantities,  the  fifth  can  be  found 
directly  from  the  diagram. 

Example:  Column  20  ft.  long,  with  12-in.  web;  load  =  75,000  lbs.; 
eccentricity  =  20  ins. ;  find  required  area  of  column. 

Starting  at  line  marked  "Length  of  Columns  in  Feet,"  read  around 
the  diagram  in  a  clockwise  direction,  considering  the  width  of  column 
and  the  eccentric  load,  in  the  second  and  third  quadrants;  then  starting 
with  line  marked  "Values  of  Eccentricity  e,  in  Inches,"  read  around 
the  diagram  in  a  counter-clock-wise  direction,  considering  the  width  of 
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column;  from  the  intersections  in  the  third  and  first  quadrants,  pro- 
ject lines  to  meet  in  the  fourth  quadrant;  their  intersection  gives  the  re- 
quired area  35.6  sq.  ins.  A  section  can  now  be  chosen  which  will  give 
this  area. 

Case  HI :  Combined  Axial  and  Eccentric  Load. — The  allowable  stress, 

L       P      W  We 

^  =  16000  — 2100  — =  —H \ .  '  (7) 

h       a        a        0.32  ah 

Let  We=(P-\-W)  e^; 

(P-\-W)    6^ 


then  e 


W 

Substituting  this  value  of  e  in  equation  (7),  we  have: 

L       P 

16000  —  2100  —  = I  l-\ I  (8) 


a        L_       ^^2  ?lJ 


It  is  seen  from  equation  (8)  that,  for  an  application  of  Case  III  to 
the  diagram,  it  is  only  necessary  to  use  a  value  for  the  eccentricity,  e, 
(shown  on  the  diagram)   equal  to  the  actual  eccentricity  multiplied  by 

W 


P+  w 

Example:  Column  18  ft.  long,  with  18-in.  web;  axial  load  P  =  120000 
lbs.,  eccentric  load  TT^^  80000  lbs.,  eccentricity,  e,  of  load  W  =  35-ins., 
find  required  area  of  column. 

First  compute  the  value  of  e^ 


80  000  X  35 
=  14  ins. 


200000 

Starting  with  this  value  of  e^  at  the  line  marked  ''Values  of  Eccentric- 
ity, e,  in  Inches,"  and  proceeding  as  in  case  II,  we  find  the  required 
area  to  be  49  sq.  ins.  A  section  can  now  be  chosen  which  will  give  this 
area. 

In  all  cases  care  must  be  taken  to  see  that  the  column  selected  is  suffi- 
ciently strong  about  an  axis  parallel  to  the  web.  This  can  be  done, 
either  by  making  an  investigation  in  the  usual  manner,  or  by  plotting 
additional  diagrams  similar  to  those  shown  in  Fig.  5  using  the  approx- 
imate values  for  the  radius  of  gyration  about  an  axis  parallel  to  the  web. 

C.  D.  Conklin,  in  Engineering  Record,  March  17,  1917,  gives  a  nomo- 
graphic chart  for  column  design.     A  part  of  his  article  follows : 

Fig.  6  will  aid  the  structural  designer  in  selecting  sections  for  columns 
required  to  carry  a  given  load,  or  to  find  the  safe  load  of  a  given  column, 
according  to  the  well-known  straight-line  formula  8  ==  16000  —  lOL/R. 
The  chart  is  particularly  useful  in  cases  where  numerous  column  sizes 
^vQ  required,  the  load  and  length  of  each  being  known. 
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Given  the  load,  length  and  any  assumed  radius  of  gyration,  the 
slendemess  ratio  L/R,  the  average  allowable  unit  stress  8,  and  the  re- 
quired area  A  can  be  determined  by  two  moves  of  a  triangle  or  other 
straight  edge.  An  example  will  indicate  the  procedure,  as  illustrated  by 
the  dotted  lines  on  the  diagram. 

For  a  column  to  carry  140,000  lb.,  18  ft.  long,  least  radius  of  gyra- 
tion 2.1,  place  a  straight  edge  at  18  on  the  inner  side  of  the  left  vertical 
scale  and  at  2.1  on  the  inclined  scale  for  E.     The  slenderness  ratio  is 


Fig.  6 — Simplifies  Solution  of  A.  R.  E.  A.  Column  Formula 


then  read  as  103  on  the  inside  of  the  right  vertical  scale,  the  straight 
edge  is  swung  around  this  point  to  an  intersection  witli  140000  on  the 
outside  of  the  left  vertical  scale,  and  the  desired  value  of  16  sq.  in.  for 
the  area  A  is  read  on  the  other  inclined  scale.  If  desired,  the  average 
unit  stress  is  easily  read  as  8,800  lb.  per  sq.  in.  on  the  outside  of  the 
right  vertical  scale. 

If  it  be  desired  to  investigate  a  given  column  of  known  area  and 
properties,  the  procedure  is  the  same  except  that  the  second  line  con- 
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nects  with  the  known  area  A  and  gives  the  desired  allowable  total  load 
P  on  the  outside  of  the  left  vertical  scale.  Any  other  straight-line 
column  formula  can  readily  be  charted  in  a  similar  manner. 

Boiler  Design.  ''Calculation  for  Boiler  Stresses,"  an  article  by  G. 
E.  Parks,  published  in  Railway  Mechanical  Engineer,  March,  1918,  con- 
tains a  good  demonstration  of  the  use  of  charts  for  design. 

In  boiler  design  and  the  calculation  of  boiler  stresses,  systems  of 
curves  like  those  illustrated  below  have  proved  of  material  value  in 
Michigan  Central  practice.  They  are  not  only  a  great  labor  saver  and 
aid  in  checking  boiler  specification  cards,  but  they  will  often  show 
at  a  glance  the  best  possible  arrangement  of  detail  or  size  of  part.  Their 
accuracy  will  depend  upon  the  scale  employed. 

Fig.  7  shows  the  relation  between  the  efficiency  of  the  boiler  seam 
and  the  tensile  strength  of  the  plate  for  various  thicknesses  of  plate  and 
as  two  systems  of  curves  are  represented  on  a  single  co-ordinate  field, 
care  should  be  exercised  in  using  the  respective  scales.  The  curved  lines 
on  the  co-ordinate  field  represent  the  efficiency  of  the  American  Locomo- 
tive Company's  seam,  drawings  142-S-30,080-81-90  (known  as  seam  No. 
1),  for  different  tensile  strengths  of  plates.  The  dimensions  of  this 
seam  are  given  in  Pig.  8  and  the  curves  are  plotted  from  the  equation 

SA 


t(p c)      ' 

100 

where : 

T  =  Tensile  strength  of  plate  in  pounds  per  square  inch. 

S  =  Shearing  strength  of  rivets  in  pounds  per  square  inch;  taken  as 

44,000  lb. 
A  =  Area  of  rivet  hole  in  square  inches, 
t  =  Thickness  of  sheet  in  inches, 
p  =  Pitch  of  outside  row  of  rivets  in  inches. 
E  =  Efficiency  of  seam  in  per  cent. 
C  =  The  pitch,  minus  twice  the  diameter  of  rivet  hole  (p  — 2d),  or  the 

length  of  metal  between  alternate  rivets  in  the  second  row. 

The  straii^ht  lines  on  the  co-ordinate  field  represent  the  relation  be- 
tween the  efficiency  of  seam  No.  1  and  the  efficiency  of  the  various  other 
seams  as  plotted.  If  we  assume  that  the  tensile  strengths  and  thick- 
ness of  plate  is  the  same  in  each  case,  the  equation  for  the  straight 
lines  becomes 

~  AA  — AA 


In  this  equation  the  letters  represent  the  values  as  given  above,  the 
subscript  figure  "1"  representing  values  in  seam  No.  1  and  the  sub- 
script figure  ''2"  representing  values  in  the  seam  under  investigation. 

The  points  marked  ''X"  at  the  lower  end  of  the  straight  lines  repre- 
senting seams  15  and  57,  also  seam  64,  indicate  the   position  of  the 


456  HOW  TO  MAKE  AND  USE  GRAPHIC  CHARTS 

curve  at  which  the  efficiency  of  the  seam  for  shearing  all  of  the  rivets 
and  the  efficiency  of  the  seam  when  tearing  through  the  second  row  of 
rivets  and  shearing  the  rivets  in  the  outside  row  are  equal.  Therefore, 
if  the  thickness  and  tensile  strength  of  plate  in  seams  .15,  57  and  64 
•are  such  that  the  point  of  intersection  between  the  curved  line  repre- 
senting the  thickness  of  plate,  and  the  horizontal  line  representing  the 
tensile  strength  of  plate  falls  at  the  left  of  the  point  '*X,"  the  seam 
will  fail  by  the  shearing  of  all  of  the  rivets.  The  efficiency  is  deter- 
mined as  follows: 

From  the  point  of  intersection  between  the  curved  line  representing 
the  thickness  of  the  sheet  and  the  horizontal  line  representing  the 
tensile  strength  of  the  sheet,  project  a  line  in  a  vertical  direction  until 
it  comes  in  contact  with  the  straight  line,  marked  ^'Actual  Shearing 
Efficiency."  Opposite  this  point  of  intersection,  read  on  the  vertical 
scale  the  shearing  efficiency  of  the  seam.  The  co-ordinate  field  as  plotted 
does  not  show  the  points  where  the  shear  of  all  of  the  rivets  is  equal 
to  the  efficiency  of  seam  through  the  second  row  of  rivets,  for  seams 
Nos.  2,  3,  14  and  55,  therefore,  these  seams  would  not  fail  due  to  shear 
of  all  of  the  rivets  for  any  thickness  of  plate  or  tensile  strength  of 
plate,  which  is  given  on  the  drawing. 

The  equation  of  the  straight  line  marked  ' '  Actual  Shearing  Efficiency ' ' 
is: 

■     A,N, 

Es,  = (P,E,-C,) 

A,P, 

where : 

Esg  =  Efficiency  due  to  shear  of  all  of  the  rivets  in  seam  under  investi- 

•   gation  represented  by  the  straight  line. 
Aj  =  Area  of  rivet  hole  in  seam  under  investigation. 
A,  =  Area  of  rivet  hole  in  seam  No.  1,  represented  by  the  curved  lines. 
Ng  =  Number  of  rivet  shearing  planes  of  seam  under  investigation.     In 

all  seams  plotted  on  this  sheet,  Ng  equals  9. 
P^  =  Pitch  of  rivets  in  outside  row  of  seam  under  investigation. 
Pj  =  Pitch  of  rivets  in  outside  row  of  seam.  No.  1. 
El  =  Efficiency  of  seam.  No.  1. 
d  =  Pitch  minus  twice  diameter  of  rivet  hole  in  the  seam,  No.  1. 

At  a  point  representing  85.52%  efficiency  for  seam  No.  1  is  a  vertical 
dotted  line  which  is  the  efficiency  of  the  seam  through  the  first  row 
of  rivets.  If  the  thickness  and  tensile  strength  of  plate  are  such  that 
the  efficiency  for  seam  No.  1  is  higher  than  85.52%  and  is  shown  on 
the  right  of  the  dotted  line,  the  higher  efficiency  should  not  be  con- 
sidered as  the  seam  would  fail  through  the  first  row  of  rivets  which 
has  an  efficiency  of  85.52%.  At  the  right  end  of  the  straight  lines  repre- 
sentino:  seams  No.  2,  3,  and  14  are  the  points  where  failure  will  occur 
in  the  first  row  of  rivets  and  these  points  represent  the  maximum 
efficiency  of  the  seams.  The  co-ordinate  field  is  not  large  enough  to  show 
similar  points  for  seams  No.  15,  57  and  64. 

Problem  1. — To  find  the  efficiency  of  boiler  seam  No.  1  having  IVs-in. 
plate,  the  tensile  strength  of  which  is  58,000  lb. 
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From  the  point  of  intersection  of  the  58,000  lb.  line  on  the  horizontal 
scale  and  the  curve  representing  a  1%-in.  plate,  project  a  line  vertically 
either  to  the  top  or  bottom  axis  and  read  off  the  efficiency,  which  is 
81.6%. 

Problem  2.— To  find  the  efficiency  of  boiler  seam  No.  2  having  IVs-in. 
plate,  the  tensile  strength  of  which  is  58,000  lb. 

First  find  the  efficiency  that  seam  No.  1  would  have  under  the  same 
conditions,  which  is  81.6%.  Then  from  the  point  where  the  vertical 
line  representing  81.6%  intersects  the  straight  line  representing  seam 
No.  2  find  the  efficiency  corresponding  to  this  point  on  the  vertical  scale, 
which  is  81%. 

This  system  of  curves  may  be  used  to  determine  the  value  of  any  of 
the  factors  in  the  general  equation  when  the  other  factors  are  known. 

i^ — d|^ 
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Fig.   8 — Dimensions   of   Standard   Boiler   Seams 


Problem  3. — To  find  the  tensile  strength  required  for  ^^io-in.  plate 
to  give  an  efficiency  of  80.5%,  using  seam  No.  14  as  an  example. 

On  the  vertical  scale  of  efficiency  find  80.5%,  and  project  a  line  in 
a  horizontal  direction  until  it  intersects  the  line  representing  seam  14. 
From  this  point  project  vertically  to  the  ^^lo-in.  line,  and  this  intersec- 
tion projected  to  the  vertical  axis  gives  a  tensile  strength  of  57,000  lb. 
per  sq.  in. 

Problem  4. — If  seam  No.  14  has  an  efficiency  of  80.0%  what  will  be 
the  efficiency  of  seam  No.  2,  providing  that  the  thickness  of  plate,  tensile 
strength  of  plate  and  shearing  stress  of  rivets  are  alike  for  both  seams? 

From  the  point  where  the  80.0%  line  from  the  vertical  scale  inter- 
sects the  line  of  seam  No.  14,  project  a  line  vertically  to  the  line  of 
seam  No.  2  and  from  this  point  project  a  line  horizontally  and  find  the 
efficiency,  which  is  82.7%. 
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Fig.  9  shows  the  stress  on  several  sizes  of  stay  bolts,  under  conditions 
varying  from  supporting  13  sq.  in.  to  22  sq.  in.  of  area  with  boiler  pres- 
sures varying  from  110  lb.  to  230  lb.  gage,  advancing  by  five  pounds 
each. 

The  general  equation  is 

BPXa 

S  = 

A 
where : 

S  =  Stress  on  stay  bolt  in  pounds  per  square  inch. 
BP  =  Boiler  pressure  in  pounds  per  square  inch  as  shown  by  gage, 
a  =  Area  in  square  inches  supported  by  stay  bolt. 
A  =  Area  of  stay  bolt  in  square  inches. 

There  are  two  systems  of  curves  on  the  co-ordinate  field,  and  care 
should  be  exercised  in  using  the  respective  scales.  The  lines  marked 
with  the  boiler  pressure  show  the  relation  between  the  boiler  pressure 
and  the  area  supported  by  the  stay  bolts  and  the  lines  marked  with 
the  various  sizes  of  stay  bolts  show  the  relation  between  the  product  of 
boiler  pressure  times  area  supported  and  the  stress  on  stay  bolts  as 
illustrated.  The  area  for  the  stay  bolts  is  taken  at  the  root  of  the 
thread,  for  a  V  thread,  12  threads  per  in.,  and  there  are  also  lines  for 
stay-bolts  which  have  %6-in.  telltale  holes. 

To  use  the  curve  it  is  first  necessary  to  determine  the  number  of 
square  inches  of  flat  surface  that  is  to  be  supported. 

Problem  5. — What  is  the  stress  on  a  1-in.  solid  stay  bolt  with  V 
thread,  12  threads  per  inch  when  supporting  16  sq.  in.  at  200  lb.  pres- 
sure ? 

On  the  horizontal  axis,  either  at  the  top  or  bottom,  find  the  area  sup- 
ported, in  this  case  16  sq.  in.,  and  project  a  line  vertically  until  it  in- 
tersects the  200  lb.  line.  From  this  point  project  a  line  horizontally 
to  the  right  until  it  intersects  the  1-in.  stay  bolt  line.  This  intersection 
projected  vertically  either  to  the  top  or  bottom  axis  gives  the  stress  on 
the  stay  bolt,  which  in  this  case  is  5,560  lb.  per  sq.  in. 

Fig.  10  shows  the  shearing  stress  on  rivets  for  such  seams  as  out- 
lined for  boilers  varying  from  66  in.  to  110  in.  in  diameter,  and  for 
steam  pressures  between  the  limits  of  100  lb.  and  220  lb.  gage  pressure. 

The  general  equation  for  shearing  stress  on  rivets  is 

R  X  P  X  BP 

S  = 

AXN 
where : 

S  =  Shearing  stress  on  rivets  in  pounds  per  square  inch. 
R  =  Radius  in  inches  of  inside  of  boiler  shell. 
P  =  Pitch  in  inches  of  rivets  in  the  outside  row  of  seam. 
BP  =  Boiler  pressure  in  pounds  per  square  inch  as  shown  by  gage. 
A ^=  Area  in  square  inches  of  rivet  hole. 
N  =  Number  of  rivet  shearing  planes  in  pitch  length  taken. 

The  system  of  straight  lines  marked  with  the  boiler  pressure,  repre- 
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sent  the  relation  between  the  radius  of  the  boiler  and  the  boiler  pressure. 
These  lines  are  expressed  hy  the  equation  R  X  BP  =  Y,  Y  represent- 
ing the  figures  given  on  the  Y-axis.  The  second  system  of  straight 
lines  represents  the  relation  of  the  characteristics  of  each  individual 
seam,  so  far  as  shearing  stress  on  the  rivets  is  concerned,  to  the  radius, 
of  inside  of  boiler  and  boiler  pressure. 

Problem  6. — AVhat  is  the  shearing  stress  on  the  rivets  of  seam  No.  1 
when  used  on  a  boiler  86-in.  inside  diameter  and  carrying  220  lb.  pres- 
sure? 

On  the  top  horizontal  axis  find  the  diameter  of  the  inside  of  the 
boiler,  in  this  case  86  in.,  and  project  a  line  vertically  until  it  intersects 
the  line  marked  220  lb.  From  this  point  project  a  line  in  a  horizontal 
direction  until  it  intersects  the  line  marked  with  the  seam  number,  in 
this  case  seam  142-8-30,080.  This  intersection  projected  vertically  to 
the  bottom  horizontal  axis  gives  the  shearing  stress  on  rivets  which  is 
6,730  lb.  per  sq.  in. 

Fig.  11  shows  the  tension  on  net  section  for  various  thicknesses  of 
plate,  boiler  pressures,  efficiency  of  seams  and  diameters  of  boilers. 

The  general  equation  is 

D 

2XBP 
T  = 


tXE 
where : 

T  =  Tension  on  net  section  in  pounds  per  square  inch. 
D 

— .=  Radius  in  inches  of  inside  of  boiler. 
2 
BP  =  Boiler  pressure  in  pounds  per  square  inch  as  shown  on  the  gage, 
t  =  Thickness  of  plate  in  inches. 
E  =  Efficiency  of  the  boiler  seam  in  per  cent. 

There  are  two  co-ordinate  fields  shown  on  the  sheet,  both  of  which 
are  used  in  determining  the  tension  on  a  net  section.  One  field  con- 
sists of  a  series  of  straight  lines  showing  the  relation  between  boiler 
pressure  and  the  inside  diameter  of  the  boiler.  The  equation  for  these 
lines  is 

D 
X  =  — XBP 
2 

where  X  is  equal  to  the  product  of  boiler  pressure  and  the  radius  of  the 
inside  of  the  boiler.  This  is  transferred  to  the  second  field  in  obtaining 
the  tension  on  a  net  section. 

The  second  field  consists  of  two  series  of  straight  lines  crossing  each 
other.  The  series  of  lines  upon  which  are  marked  the  thicknesses  of 
plate  are  plotted  from  the  equation 

X 

Y  =  — 

t 
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where : 

Y  =  Tension  on  net  section  at  100  per  cent  efficiency 
t  =  Thickness  of  plate  in  inches. 

D 
X  =  Value  of  —  X  BP  as  explained  above. 
2 

The  other  series  of  straie^ht  lines  upon  which  are  marked  the  different 
efficiencies,  show  the  relation  between  the  tension  on  a  net  section  at 
100%  efficiency  and  on  a  net  section  for  the  various  other  efficiencies. 
of  seams  as*  noted. 

These  lines  have  been  plotted  from  the  following  equation: 

Y 

T  =  — 
E 

where : 

T  =  Tension  on  net  section  at  the  desired  efficiency. 
E  :=:  Efficiencv  in  per  cent. 
"  X 

Y  =  Value  of  —  as  explained  above. 

t 

Problem  7. — To  find  the  tension  on  a  net  section  of  a  boiler  of  84^i6- 
in.  diameter,  2%2-in.  thickness  of  plate,  200  lb.  boiler  pressure  and 
82.75%  efficienc.v  of  seam. 

From  the  point  representing  84^i6-in.  diameter  on  the  horizontal  axis 
of  field  No.  1,  project  a  line  vertically  until  it  intersects  the  200  lb. 
line  and  from  this  point  project  a  line  horizontally^  into  field  No.  2 
until  it  intersects  the  ^%2-in.  line.  Project  this  point  vertically  until 
it  intersects  the  line  representing  82.5%,  where  it  will  be  necessary  to 
interpolate  to  reach  an  imaginary  line  representing  82.75%.  This  point 
projected  horizontally  to  the  vertical  axis  gives  the  desired  tension  on 
net  section  cs  12,100  lb   per  sq.  in. 

Problem  8. — What  efficiencv  must  a  boiler  seam  have  when  the  ten- 
sion on  a  net  section  is  12,250  lb.  per  sq.  in.  with  inside  diameter  of 
the  boiler  86  in.,  boiler  pressure  200  lb.  and  thickness  of  plate  %  in. 

From  the  point  representing  86  in.  on  the  horizontal  axis  of  fieJd 
No.  1,  project  a  line  vertically  until  it  intersects  the  200  lb.  line,  and 
from  this  point  project  a  line  horizontally  into  field  No.  2,  until  it  in- 
tersects the  %-in.  line.  The  projection  of  this  point  on  the  horizontal 
line  showing  12,250  lb.  tension  on  a  net  section  gives  the  required 
efficiencv  which  is  by  interpolation  80.2%. 

Engine  Design.  Many  charts  have  been  devised  to  assist  in  engine 
design,  such  as  obtaining  unit  force  due  to  inertia  of  reciprocating 
parts,  determining  the  sizes  that  will  meet  particular  requirements, 
etc.  The  example  given  here  is  from  an  article,  ''Chart  for  Deter- 
mining Engine  Frame  Loads,"  by  E.  A.  Andrews,  published  in  Ma- 
chinery, August,  1916. 

It  is  the  purpose  of  this  article  to  explain  the  use  of  a  chart.  Fig.  12, 
for  finding  the  loads  on  the  following  members  of  an  engine:  (1)  main 
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bearings;  (2)  crankp ins  and  crosshead  pins ;  (3)  crosshead  guides.  The 
horizontal  line  AB  represents  various  values  of  the  total  load  on  the 
piston  in  pounds;  the  vertical  line  CD  indicates  the  projected  area  of 
the  main  bearings  in  square  inches;  vertical  line  AE  represents  the 
projected  area  of  the  crankpins  and  crosshead  pins  in  square  inches; 
and  the  horizontal  line  EF  shows  the  projected  area  of  the  crosshead 
bearing  surface  in  square  inches. 

To  illustrate  the  use  of  this  chart,  let  us  assume  a  case  in  which  the 

PROJECTED  AREA  OF  CROSSHEAD  BEARING  SURFACE  IN  SQUARE  INCHES 


i     i     i 
.      s     s     s    s    a     sf    s 

TOTAL  LOAD  ON  PISTON  IN  POUNDS 

Fig.   12 — Chart  for  Use  in  Rapidly  Determining  Loads  on  Important  Engine 

Frame  Members 


total  load  on  the  piston  is  24,000  lbs.  This  value  is  located  on  line  AB, 
and  assuming  that  it  is  required  to  find  the  size  of  the  main  bearings, 
we  follow  the  24,000  lb.  line  vertically  to  the  radial  lines  indicating 
allowable  main  bearing  pressures.  It  will  be  seen  that  these  lines  cover 
a  range  of  from  140  to  200  lbs.  per  sq.  in.  and  assuming  that  we  decide 
to  use  a  value  of  150  lbs.  per  sq.  in.,  the  radial  line  corresponding  to 
this  value  is  located,  after  which  the  horizontal  line  is  followed  across 

Copyright  1916  by  the  Industrial  Press,  publishers  of  Machinery,  148  Lafayette 
St.,  New  York  City. 


466  HOW  TO  MAKE  AND  USE  GRAPHIC  CHARTS 

the  chart  to  the  vertical  line  CD.  Here  we  find  that  the  required  area 
for  the  main  bearings  is  159  sq.  ins.  Following  the  same  method  in 
determining  the  areas  for  the  crankpins  and  crosshead  pins,  the  re- 
quired values  may  be  quickly  determined  from  the  chart,  taking  care 
to  use  the  proper  section  of  the  chart  in  each  case. 

To  determine  the  proper  area  for  the  crosshead  bearing  surface,  it 
is  necessary  to  know  the  ratio  of  the  length  of  the  connecting-rod  to 
the  radius  of  the  crank  circle,  and  assuming  that  for  the  case  under 
consideration  the  value  of  this  ratio  is  5  to  1,  or  "five  cranks,"  we  fol- 
low the  24,000  lb.  piston  load  line  until  it  crosses  the  radial  line  marked  5 
cranks;  from  this  point  of  intersection,  move  across  the  chart  to  the 
left  to  the  radial  line  of  allowable  crosshead  bearing  surface  pressure. 
Assuming  that  the  value  is  40  lbs.  per  sq.  in.,  we  follow  up  the  vertical 
line  to  EF  at  the  top  of  the  chart,  and  find  that  123  sq  ins.  is  the  proper 
area  for  the  crosshead  bearing  surface. 

The  total  load  on  the  crosshead  guide  is  represented  on  line  BF  at  the 
right-hand  margin  of  the  chart,  and  is  found  by  moving  across  the  chart 
to  the  right  from  the  point  of  intersection  of  the  piston  load  line  and 
the  radial  line  representing  the  ratio  of  connecting  length  to  crank 
radius. 

Sizes  of  Pipes.  Charts  are  a  great  help  in  determining  the  sizes  of 
steam  pipes,  the  flow  of  steam  in  pipes,  the  areas  of  gas  passages  in 
steam  boilers  or  of  the  flues  and  breechings  connecting  boiler  and  chim- 
ney, the  proportioning  of  trunk  mains  for  the  most  economical  supply 
to  the  branch  leaders,  and  in  selecting  a  stack  of  proper  diameter  and 
height  for  natural  draft,  etc.  Two  examples  are  given,  the  first  from 
an  article  by  W.  L.  Durand,  "Flow  of  Steam  in  Pipes,"  published  in 
Power,  March  7,  1916,  and  the  second  from  a  paper  by  Wm.  Wipper- 
man,  published  in  Power,  February  29,  1916,  entitled  "Selection  of 
Stacks  and  Breeching." 

The  commonest  method  for  determining  the  size  of  steam  pipes  is  to 
assume  a  velocity  of  6,000  ft.  per  min.  for  high-pressure  pipe  and  4,000 
ft.  for  low-pressure  pipe.  That  this  method  will  not  give  satisfactory 
results,  except  over  a  very  limited  range,  may  easily  be  seen  if  the 
drop  in  pressure  at  these  velocities  is  computed  for  different  sizes  of 
pipe.  The  accompanying  table  is  based  on  a  length  of  pipe  of  100  ft. 
and  an  initial  pressure  of  100  lb.  at  6,000  ft.  per  min. 

Size  of  pipe,  in 1      IVi     1^^      2       3         4         6         8         10 

Loss  of  pressure,  lb....   16      10     7.7     5     2.6     I'.l      1.0     0.68      0.5 

From  the  foregoing  it  may  be  seen  that  in  small  pipes  the  loss  in 
friction  is  so  great  as  to  affect  the  economy  of  operation;  on  the  other 
hand,  in  the  large  sizes  of  steam  lines  bigger  pipes  are  specified  than 
are  necessary.  This  increases  the  cost  of  installation  to  an  appreciable 
extent  since  the  cost  of  pipe  and  fittings  increases  rapidly  with  the  size. 

The  factors  that  enter  into  any  problem  of  this  character  are  weight 
or  quantity  of  steam,  length  of  pipe,  density  of  the  steam,  drop  in  pres- 
sure and  the  diameter  of  the  pipe.  To  obtain  accurate  results,  it  is 
necessary  to  take  into  consideration  all  of  the  foregoing  factors,  and 
any  formula  used  in  this  connection  should  contain  all  of  them. 
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The  most  commonly  accepted  formula  for  the  flow  of  steam  is  Unwin's, 
which  is  as  follows : 


Dpd'' 


W  =  87.5 


H 


3.6 

1  + 

d 


where 


TF  =  "Weight  of  steam  flowing  in  pounds  per  minute; 
L  =  Length  of  pipe  in  feet; 
d  =  Internal  diameter  of  pipe ; 
Z)  =  Density,  pounds  per  cubic  foot; 
p  =  Drop  in  pressure,  pounds  per  square  inch. 

The  reason  that  this  formula  is  not  more  generally  used  is  presumably 
because  of  the  excessive  time  required  in  solving  it.  Recently  the  writer 
published  a  table  based  on  dividing  Unwin's  formula  into  three  parts. 
The  length  of  pipe  and  friction  loss  may  be  reduced  to  one  variable 
'^friction  loss  per  unit  length,"  such  as  ''per  hundred  feet." 


W 


=''''^]m 


d" 
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But  even  the  use  of  this  may  require  more  time  than  many  engineers 
desire  to  spend  in  sizing  pipes.     Fig.  13  is  based  on  the  table  and  gives 
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FORi.%  &.WNCM  PIPE  DIVIDE  BY  100 


06  08  lb     U    ISifcOSib  4i    60    80  10 
DROP  IN  Pr<ESSURC.POUNDt>   °ER  HUNDRED  FEET 


Fig.  13 — Curves  by  Which  if  Any  Tliree  Variables  Are  Known  the  Fourth  Can  Be 

Found 


quickly  and  accurately  the  result  in  any  problem  relating  to  the  flow 
of  steam  in  pipes  if  three  of  the  four  variables  are  known. 

These  curves  are  really  a  slide-rule  and  mechanically  add  the  log 
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of  the  factors  in  the  table.     The  log.  of  V  ^  is  laid  off  corresponding 


to  the  steam  pressure,  the  log.  of     I  ^       ^^  is  laid  off  for  the  diameter 

V     T 

of  the  pipe,  the  log.  of  87.5    -J-^^  is  laid  off  for  the  drop  in  pressure, 

and  the  log.  of  the  quantity  of  steam  is  laid  off  as  indicated.  This  is 
accomplished  by  plotting  these  curves  on  logarithmic  paper. 

Starting  at  the  pressure  line  and  moving  down  to  the  steam  pres- 
sure desired,  the  length  is  proportional  to  the  log.  of  the  square  root 
of  the  density,  and  by  projecting  that  to  the  first  45-deg.  line,  an  equal 
distance  at  right  angles  is  obtained.  Continuing  this  line  to  the  re- 
quired pipe  size  adds  the  log.  of  the  pipe  factor.  Projecting  that  dis- 
tance to  the  bottom  of  the  45-deg.  lines  representing  the  drop  in  pres- 
sure, a  distance  equal  to  the  sum  of  the  pressure  and  diameter  is  ob- 
tained on  the  vertical  scale.  By  moving  up  to  the  required  drop  the 
log.  of  the  factor  for  the  pressure  drop  is  added,  and  projecting  the  sum 
of  the  logs,  of  the  three  factors,  the  answer  is  read  directly  on  the 
quantity  scale  in  pounds  of  steam  per  minute. 

In  order  to  show  the  use  of  this  chart,  take  a  hypothetical  ease  of  a 
steam  main  800  ft.  long  and  4  in.  diameter  with  steam  at  100  lb.  pres- 
sure. What  will  be  the  flow  of  steam  if  the  drop  is  limited  to  4  lb.? 
The  drop  per  100  ft.  is  %  lb.  Starting  at  100  lb.  and  running  down 
to  the  4-in.  diagonal  line  and  over  to  ^/4  lb.,  73  lb.  of  steam  per  min. 
is  read  on  the  "pounds  of  steam"  scale.  Suppose  the  problem  to  be 
the  same  except  the  pounds  of  steam  given  and  the  drop  was  to  be 
found.  Starting  at  100  lb.  and  running  down  to  the  4-in.  diagonal 
line  and  over  73  lb.,  ^/4  lb.  is  found  at  the  intersection.  Given  any  three 
of  the  four  variables,  the  fourth  can  be  found  from  this  chart. 

The  Determination  of  the  Height  and  Diameter  of  a  Chimney  from 
tables  or  formulas  connecting  height  and  diameter  with  horsepower 
often  results  in  an  impossible  stack.  As  a  rule  there  are  so  many  fac- 
tors involved  that  no  one  table  or  formula  meets  the  requirements  of 
the  individual  problems.  But  it  is  possible  to  present  the  data  on  a 
chart  in  such  a  way  that  chimney  and  breeching  dimensions  can  be 
determined  with  ease  and  certainty.  That  was  the  aim  in  designing 
Fig.  14. 

The  function  of  a  chimney  is  to  carry  off  the  gases  and  to  produce 
draft.  Its  height  is  fixed  by  the  draft  necessary  to  overcome  the  re- 
sistance of  bends,  damper,  connections,  breeching,  boiler  and  grate. 
This  resistance  is  not  a  function  of  the  horsepower,  but  varies  with 
every  installation.  The  cross-sectional  area  must  be  so  large  that  the 
stack  will  handle  the  volume  of  gas  without  excessive  loss  in  friction. 
By  increasing  the  height,  the  diameter  can  be  reduced,  and  conversely, 
but  among  the  various  chimneys  that  are  large  enough,  there  is  one  that 
is  cheaper  to  build. 

The  draft  available  for  producing  flow  is  usually  measured  in  inches 
of  water  column.  Its  intensity  depends  upon  the  difference  in  weight 
of  the  outside  and  inside  air  columns,  reduced  under  flow  conditions 
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Fig.  14 


by  the  friction  loss  in  the  stack.  For  a  given  temperature  and  pres- 
sure it  is  a  maximum  when  no  gases  are  flowing.  The  weight  of  a  cubic 
foot  of  gas  depends  upon  the  temperature,  pressure  and  nature  of  the 
^as.  For  chimney  calculations  flue  gas  is  always  considered  to  be  the 
isame  as  air.     Inasmuch  as  draft  is  always  measured  in  inches  of  water 
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column,  the  scale  on  the  chart  shows  the  weight  of  air  in  inched  of 
water  column. 

The  use  of  this  chart  will  be  illustrated  by  determining  the  dimen- 
sions of  a  chimney  and  breeching  for  a  boiler  house  containing  five 
350-hp.  water-tube  boilers  vertically  baffled  and  equipped  with  chain 
grates  burning  Illinois,  or  equal,  coal.  The  overload  is  not  to  exceed 
50%  of  rating.  The  stack  temperature  will  average  520  deg.  F.  at  max- 
imum rating  and  about  440  deg.  F.  at  normal  rating.  The  outdoor 
temperature  will  be  taken  at  60  deg.  F.  and  the  atmospheric  pressure 
at  14.5  lb.  per  sq.  in. 

Referring  to  the  chart,  the  intersection  of  a  vertical  representing  520 
deg.  F.  with  a  diagonal  representing  14.5  lb.  per  sq.  in.  determines  a 
horizontal  through  0.0077  in.,  the  height  of  a  water  column  1  ft.  square 
that  is  of  the  same  weight  as  a  cubic  foot  of  air  at  the  given  pressure: 
and  temperature.  The  same  method  shows  that  0.0145  in.  of  water' 
weighs  the  same  as  a  cubic  foot  of  air  at  a  temperature  of  60  deg.  F.. 
and  a  pressure  of  14.5  lb.  per  sq.  in.  The  difference  between  0.0145 
and  0.0077  is  0.0068  in.  This  is  the  potental  draft  per  foot  of  stack 
when  no  gases  are  flowing.  Under  conditions  of  flow  it  must  be  re- 
duced by  an  amount  equal  to  the  friction  per  foot  of  stack. 

The  head  lost  in  friction  is  a  function  of  the  square  of  the  velocity. 
It  depends  upon  the  roughness  of  the  surface,  on  the  density  of  the  gas. 
and  on  the  surface  in  contact  with  the  gas.     For  a  brick  stack, 

D  =  54:  

in  which 

D  =  Draft  loss  in  inches  of  water  column ; 
W  =  Pounds  of  flue  gas  flowing  per  second ; 
T  =  Aboslute  temperature,  degrees  F. ; 
P  =  Absolute  pressure,  pounds  per  square  inch ; 
H  =  Height  in  feet  above  center  of  breeching ; 
d  =  Diameter  in  inches ; 
54  =r  Factor  depending  on  the  roughness  of  a  brick  stack. 

The  atmospheric  pressure  is  fixed  by  the  altitude.  The  temperature 
of  the  flue  gas  depends  upon  the  heat-absorbing  qualities  of  the  equip- 
ment. The  quantity  of  flue  gas  W  depends  upon  the  quantity  and 
quality  of  coal  burned.  It  is  represented  on  the  chart  by  diagonal  lines 
under  the  caption  '' Pounds  of  Flue  Gas  per  Boiler  Hp.-IIr.,"  which  can 
be  estimated  from  the  coal  and  COo  guarantees  made  by  the  stoker  and 
boiler  manufacturers,  or  it  can  be  estimated  from  experience.  It  varies, 
from  70  to  130  lb.  per  hp.-hr.     In  this  problem  it  will  be  taken  as  110. 

The  chart  is  a  graphical  solution  of  the  formula  previously  given. 
The  draft  loss  per  foot  of  stack  D  is  determined  as  follows:  Through 
the  intersection  of  the  vertical  through  520  deg.  F.  and  the  diagonal  14.5 
lb.  per  sq.  in.  draw  a  horizontal  line  intersecting  the  diagonal  marked 
110  lb.  of  flue  gas  per  hp.-hr.  Through  this  intersection  draw  a  vertical 
cutting  all  of  the  horsepower  diagonals.  Inasmuch  as  this  line  is  referred 
to  several  times,  it  will  be  called  the  "T,  P  and  W"  line.     Continuing,, 
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draw  n  horizontal  line  through  the  intersection  of  the  ^^T,  P  and  W^ 
line  with  the  horsepower  line  2,625  (150%  of  the  rating  of  the  five 
boilers).  This  line  intersects  some  of  the  stack  diameters,  and  the  read- 
ing of  the  intersection  on  the  ''Draft  Loss  per  Foot  of  Stack"  scale  is  D 
in  ''Inches  of  Water"  column.  The  values  of  D  for  different  diameters 
^re  tabulated  here : 


Stack 

Draft 

Stack 

Draft 

iameter,  in. 

Loss 

Diameter,  in. 

Loss 

132 

.       0.0005 

108 

0.0013 

120 

0.00075 

102 

0.0017 

114 

0.0010 

96 

0.0023 

Under  conditions  of  maximum  flow  the  draft  available  for  producing 
ilow  is  the  difference  between  the  potential  draft  and  the  friction  loss.  If 
the  total  draft  required  is  known,  the  height  of  stack  necessary  can  be 
computed  by  dividing  the  draft  required  by  the  available  draft  per  foot 
of  stack. 

Before  the  height  of  the  stack  can  be  computed,  an  estimate  must  be 
made  of  the  drop  through  the  furnace,  boiler,  breeching,  etc.  The  fur- 
nace draft,  the  drop  through  the  boiler  and  the  drop  through  the  econo- 
mizer, if  one  is  used,  can  be  furnished  by  the  manufacturers.  It  is  best 
to  get  these  data  from  them  because  there  is  considerable  variation  in 
the  different  types  of  apparatus.  It  is  customary  to  figure  on  a  drop  of 
•0.1  in.  per  100  ft.  of  breeching  of  the  proper  size,  on  a  loss  of  0.05  in. 
for  every  right-angled  bend;  0.05  in.  for  every  boiler  connection  or  en- 
trance to  breeching  and  breeching  entrance  to  stack  and  0.05  in.  for  a 
damper  of  proper  design — that  is,  one  that  offers  resistance  at  the  lower 
capacities  and  a  minimum  of  resistance  at  high  ratings  when  maximum 
•draft  is  required.     Additional  obstructions  must  be  allowed  for. 

For  the  given  problem  the  furnace  draft  at  150%  of  rating  is  0.40  in., 
the  drop  through  the  boiler  and  damper  is  0.47  in.,  the  drop  in  80  ft.  of 
l)reeching  is  0.08  in. ;  and  the  draft  loss  in  entrance  is  0.30  in.,  making  a 
total  draft  required  at  the  stack  of  1.25  in.  The  heights  of  stack  that 
w^ll  produce  this  draft  are  given  in  the  following  table.  As  previously 
figured,  the  potential  draft  per  foot  of  stack  is  0.0068  in.  Deducting 
from  this  the  draft  loss  per  foot  of  stack,  as  itemized  in  the  foregoing 
table,  gives  the  available  draft  per  foot  of  stack.  Dividing  the  total 
draft  required  by  the  draft  per  foot  of  stack  gives  the  height  of  stack. 


Stack 

Available 

Stack 

Stack 

Available 

Stack 

Diameter,  In. 

Draft,  In. 

Height,  Ft. 

Diameter,  In. 

Draft,  In. 

Height,  Ft. 

132 

0.0063 

198 

108 

0.0055 

228 

120 

0.0060 

208 

102 

10051 

245 

114 

0.0058 

216 

96 

0.0045 

278 

The  total  height  of  the  stack  is  the  sum  of  the  foregoing  and  the  dis- 
•stance  from  the  center  of  the  breeching  to  the  base.  In  the  second  par- 
agraph it  was  stated  that  the  cross-section  of  a  stack  must  be  large  enough 
to  handle  the  gas  without  excessive  friction  loss,  and  by  increasing  the 
diameter  and  conversely  a  size  of  stack  could  be  found  that  was  cheapest. 
With  the  exception  of  the  last  two  stacks  all  are  equally  good  and  well- 
proportioned.     One  of  them,  however,  is  cheaper  than  the  rest. 
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But  for  the  following  exception,  the  method  of  figuring  the  sizes  of 
steel  stacks  is  the  same  as  for  brick.  The  draft  lost  in  friction  in  a  steeL 
stack  is  less  than  that  lost  in  a  brick  stack  because  the  resistance  is  less. 
It  is  0.8  of  the  draft  lost  in  brick  or  brick-lined  chimneys.  For  a  steel 
stack  for  the  boiler  house  in  question  the  friction  head  is  tabulated 
here: 

Stack                               Friction  Stack                               Friction 

Diameter,  in.                         Head,  in.  Diameter,  in.                         Head,  in. 

132 0.0005  X  0.8 0.0004     108 0.0013  X  0.8 0.0010' 

120 0.00075  X  0.8 0.0006     102 0.0017  X  0.8 0.0014 

114 0.0010  X  0.8 0.0008       96 0.0023  X  0.8 0.0018 

Qjiite  frequenth^  it  is  necessary  to  estimate  the  capacity  of  a  stack 
already  built.  Take  for  example  a  stack  120  in.  diameter  and  208  ft. 
high.  Using  the  data  of  the  previous  problem,  the  draft  required  at  the 
entrance  to  the  stack  is  1.25  in.  of  water  column.  The  available  draft  per 
foot  of  stack  is  1.25  -:-  208  =  0.0060.  The  difference  between  the  poten- 
tial draft  (0.0068  in.)  and  the  available  draft  (0.0060)  is  0.0008,  the  loss 
per  foot  of  stack.  The  intersection  of  the  120-in.  diameter  line  with  a 
vertical  through  0.0008  in.  locates  a  horizontal  line.  The  intersection  of 
this  horizontal  with  the  *'T,  P  and  W"  line  fixes  the  capacity  of  the  stack.. 
It  happens  to  be  2,625  hp.  in  this  problem. 

In  tall  buildings  the  height  of  the  stack  is  fixed  by  the  height  of  the 
building.  If  the  boiler  house  in  question  is  in  the  basement  of  a  tall 
building  such  that  the  stack  rises  300  ft.  above  the.  breeching  connection, 
the  solution  for  the  diameter  is  as  follows : 

The  estimated  draft  required  at  the  stack  is  1.25  in.  The  available 
draft  per  foot  of  stack  is  1.25  -^  300  =  0.0042.  The  difference  between 
the  potential  and  available  draft  is  0.0068  —  0.0042  =  0.0026,  the  fric- 
tion head  in  inches  of  water.  The  intersection  of  a  vertical  through 
0.0026  in.  and  a  horizontal  through  2,625  hp.  fixes  the  diameter.  In 
this  case  the  nearest  diameter  is  96  in. 

In  making  up  the  estimate  of  the  draft  drop  in  the  breeching,  the 
figure  0.1  in.  per  100  ft.  of  flue  was  used.  This  is  safe  for  round  steel 
flues  of  the  proper  size,  but  for  square,  rectangular  and  brick  flues  the 
retarding  effect  is  greater,  consequently  the  area  of  such  flues  should  be 
larger  than  that  of  a  round  steel  flue.  It  is  not  necessary  that  the 
breeching  be  of  the  same  area  throughout.  It  is  best  to  proportion  the 
cross-.section  according  to  the  volume  of  gases  passing. 

The  chart,  which  was  designed  for  brick  flues  and  stacks,  can  be  used 
to  advantage  in  computing  the  cross-section  of  the  breeching.  As  men- 
tioned before,  the  draft  lost  in  a  steel  flue  is  0.8  of  that  lost  in  a  brick 
flue.  Consequently  the  figure  0.0012  in.  on  the  *  *  Draft  Loss  per  Foot  of 
Stack'/  -scale  represents  0.0010  in.  for  steel  flues,  because  0.0012  X  0.8 
is  practically  0.0010  in.,  the  draft  drop  per  foot  of  flue  used  in  making- 
up  the  total  draft  estimate. 

The  cross-sections  are  determined  in  the  following  manner :  Through 
0.0012  in.  draw  a  vertical  line  and  through  the  intersection  of  the  horse- 
power diagonals  525,  1,050,  1,575,  2,100  and  2,625  with  the  ''  T,  P  and 
W/'  line  draw  horizontal  lines.     The  intersection  of  the  0.0012  in.  ver-- 
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tical  with  the  horizontal  lines  fixes  the  diameter  of  the  flue.  Inasmuch  as 
a  round  breeching  is  seldom  used,  it  is  better  to  make  it  square  than 
rectangular,  making  the  side  of  the  square  equal  to  the  diameter  de- 
termined from  the  chart.  Then  the  cross-section  will  be  a  trifle  larger 
than  necessary.     The  dimensions  appear  in  the  following  table: 

Horsepower  Cross-Section 

525 4  ft.  9  in.  square 

1,050 6  ft.  4  in.  square 

1,575 7  ft.  5  in.  square 

2,100 8  ft.  4  in.  square 

2,625 9  ft.  2  in.  square 

If  rectangular  cross-sections  are  used,  the  area  must  be  increased  because 
a  rectangular  section  offers  more  resistance.  General  practice  is  to  make 
them  up  to  120%  of  the  area  of  the  stack.  If  the  flue  is  lined  with  tile 
or  is  of  brick,  the  vertical  line  is  drawn  through  0.0010  in.  This  results 
in  proportionately  larger  flues,  because  the  resistance  is  greater. 

This  method  of  chimney  analysis  is  simple  and  easily  learned.  It 
cannot  very  well  result  in  impossible  stacks.  Many  of  the  chimney  men 
use  velocities  in  figuring  areas.  A  proper  analysis  shows  that  high  veloc- 
ities are  used  in  large-diameter  stacks  and  low  velocities  in  the  small- 
diameter  stacks.  The  velocity  may  vary  from  15  to  40  ft.  per  sec,  de- 
pending on  the  size  of  the  stack.  Judgment  of  course  is  necessary  in 
estimating  the  temperature  of  the  flue  gases,  pounds  of  flue  gas  per  boiler 
horsepower  and  the  draft  required  at  the  stack.  In  making  up  the  item 
last  named,  due  consideration  must  be  given  to  the  fact  that  more  draft 
is  required  for  higher  altitudes  than  for  the  sea  level.  The  items  to  be 
considered  at  the  higher  altitudes  are  the  drop  through  the  boiler  and 
the  furnace  draft,  and  they  can  be  estimated  with  ease  by  remembering- 
that  altitude  has  the  same  effect  as  increasing  the  capacity  —  more  draft 
is  needed.  The  cross-section  of  the  breeching  and  the  increased  height 
necessary  to  overcome  the  increased  friction  loss  in  the  stack  are  taken 
care  of  in  the  method  of  computing  the  respective  dimensions. 

If  the  atmospheric  pressure  had  been  11.7  lb.  per  sq.  in.  instead  of 
14.5,  the  furnace  and  boiler  drop  for  the  specific  problem  under  con- 
sideration would  increase  from  0.87  to  0.97  in.,  making  a  total  of  1.35  in. 
of  draft  required  at  the  stack.  The  solution  of  the  problem  may  be 
traced  by  the  light  dotted  lines  on  the  chart.  The  results  obtained 
follow : 


CHIMNEY   ANALYSIS 

Potential  draft,  in.  of  water  column 0.0117  —  0.0062  =  0.0055 

Draft  loss  (120  in.  diam.),  in.  of  water  column 0.00095 

Draft  loss  (132  in.  diam.),  in.  of  water  column 0.0006 

Available  draft  (120  in.  diam.),  in.  of  water  column 0.0045 

Available  draft  (132  in.  diam.),  in.  of  water  column 0.0049 

Height  of  120-in.  stack  above  breeching,  ft 300 

Height  of  132-in.  stack  above  breeching,  ft 275 
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BREECHING   ANALYSIS 

Horsepower  (150%  rating)  Cross-Section 

525 5  ft.  0  in.  square 

1,050 6  ft.  8  in.  square 

1,575 7  ft.  9  in.  square 

2,100 8  ft.  9  in.  square 

2^625 9  ft.  6  in.  square 

These  results  check  very  well  with  dimensions  obtained  by  using  the 
well-known  methods  of  correcting  for  altitude.  Chimney  and  breeching 
dimensions  can  be  figured  with  ease  and  sufficient  accuracy  by  drawing 
a  few  lines  on  charts  ruled  as  shown.  Such  a  chart  is  a  permanent  record 
of  the  analysis  of  the  chimney  and  breeching. 

Relation  Between  the  Number  of  Trains  and  Passing  Points. 
This  article  by  Paul  M.  LaBach,  was  published  in  Railway  Age  Gazette, 
July  30,  1915.  In  discussions  concerning  the  economics  of  railway  op- 
eration the  statement  is  frequently  made  that  the  number  of  meeting  and 
passing  points  on  a  single  line  is  in  proportion  to  the  square  of  the  num- 
ber of  the  (round  trip)  daily  trains.  That  is  to  say,  if  the  number  of 
trains  is  doubled,  the  number  of  meeting  and  passing  points  will  be  mul- 
tiplied by  four ;  if  the  number  is  tripled  these  points  will  be  multiplied 
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Fig.   15 — Maximum  and  Minimum  Number  o/  Meeting  Points  With  Different 

Numbers  of  Trains 
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by  nine,  etc.  At  first  glance  this  appears  to  be  correct.  Two  trains  in 
opposite  directions  will  meet  once ;  four  trains  may  meet  four  times,  etc. 
The  error  lies  in  the  fact  that  in  changing  from  one  number  of  trains 
to  another  the  operating  conditions  are  not  duplicated.  If  one  should 
have  a  certain  number  of  meeting  and  passing  points  under  present  con- 
ditions and  should  double  the  number  of  trains  he  might  have  four  times 
as  many  meeting  and  passing  points  but  the  chances  are  that  he  would 
have  considerably  more.  It  makes  a  great  deal  of  difference  whether 
the  trains  are  scattered  at  intervals  throughout  the  24  hours  or  are  con- 
centrated in  a  portion  of  that  time. 

To  illustrate  the  point  the  accompanying  diagrams,  Fig.  15,  have  been 
made  on  the  same  principle  as  density  diagrams ;  the  vertical  dimensions 
being  divided  into  space  for  each  hour  and  the  horizontal  distance  being 
the  length  of  an  engine  district.  Passenger  train  speeds  are  assumed  as 
being  30  mi.  an  hr.  and  freight  15  mi. 

The  only  general  rule  that  can  be  formulated  is  that  the  slow  trains 
should  follow  immediately  after  the  fast  and  be  scattered  at  nearly 
equal  intervals  through  the  day.  It  is  also  apparent  that  increasing  the 
speed  will  decrease  the  number  of  meeting  and  passing  points.  To  make 
the  rule  general,  the  interval  of  time  occupied  by  a  train  passing  over  the 
district,  divided  by  24,  should  be  as  small  as  possible.  Under  the  as- 
sumed condition,  the  following  interesting  results  are  found : 

No.  of  Square  No.  of  meeting  and 

round  trip  of  the  passing  points 

Diagram  trains  number  err-. "-zz — : » 

Nos.  per  day  of  trains  Minimum  Maximum 

110  1 

1  and  2  2                  4                  0  6 

3  and  4  4                16                  0  20 

5  and  6  6                36                18  36 

7  and  8  8                64                30  71 

In  counting  the  meeting  points  one  half  value  has  been  given  to  points 
on  the  lines  dividing  engine  districts  and  days.  As  the  number  of  trains 
increases  it  is  apparent  that  the  tonnage  of  freight  trains  will  decrease 
unless  there  is  considerable  excess  power  in  the  locomotives  for  the  rating, 
say  in  Diagram  1.  This  feature  is  of  considerable  importance  in  making 
calculations  for  tonnage  ratings  in  problems  of  the  economics  of  railway 
location.  According  to  the  older  method  laid  down  by  Wellington  and 
others,  a  rating  was  assumed  for  one  daily  train  and  this  was  multiplied 
by  ten  or  twelve  as  the  case  might  be,  but  the  time  spent  in  meeting  and 
passing  will  be  increased  very  rapidly  and  the  available  running  time  de- 
creased after  a  traffic  of  about  eight  trains  per  day  is  passed,  as  is  shown 
in  Diagram  9,  which  can  be  compared  with  Diagram  7,  as  both  are  for 
the  most  favorable  circumstances.  The  graphical  method  of  handling 
such  problems  is  not  new,  but  new  applications  can  be  found  for  it,  as  it 
has  as  many  variations  as  the  kaleidoscope. 

The  proper  location  of  passing  sidings  on  new  work  is  not  always  an 
easy  matter.  By  turning  the  horizontal  distance  into  time  and  finding 
the  fraction  of  the  whole  run  between  each  passing  point  this  may  be 
arrived  at.     The  next  step  would  be  to  develop  a  table  of  accelerations 
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and  retardations  and  plot  a  time  curve.  The  location  of  the  train  when 
Ve  of  its  run  (in  time)  has  elapsed  could  then  be  fixed  or  any  other 
fraction  that  might  be  caused  by  the  ordinary  operation  of  trains. 

A  Graphical  Method  of  String-lining  Curves  is  given  by  H.  M. 
Church  in  liaihvay  Age  Gazette,  July  16,  1915.  Some  discussion  has 
appeared  regarding  the  advantages  and  results  to  be  obtained  by  the  use 
of  a  string  for  lining  track,  and  the  extensive  use  of  various  methods 
which  have  been  tried  where  curves  have  not  been  staked  and  spiraled 
previously  by  an  engineering  corps.  The  following  method  of  string 
lining  has  been  found  to  be  specially  practicable  and  adaptable  to  use  on 
all  curves,  simple  or  compound. 

TABLE  OF  MEASUREMENTS 

Measurements  Measurements  for 

taken  on  existing  curve       re-established  curve 

Middle  '  "Middle       '  "" 

ordinates  of  ordinates  of       Elevations 

31-ft.  62-ft.  chords  Elevation  62-ft.chords     in  inches  for 

stations  in  inches       in  inches      in  inches      40  mi.  per  hr. 

1 0  0  0  0 

0 0  y2  Vs  1 

2 v/s  va         m         2 

2 23/i  1^  2^  3 

3 514  2H  31^  4 

4 514  2^  4>^  5 

5 6  3  41^  5 

6 sy2  S%  4>4  5 

7 6^  2>4  4^  5 

8 73^  2  4>^  5 

9 5  3  4>4  5 

10 314  2H  41^  5 

11 4  2y2  ^y2  5 

12 4  2y2  41^  5 

13 33^  2H  3^  4 

14 3  2^  2%  Z% 

15 \y2  2^  2  2% 


16 \y2  2^  2  2 

17 2^  2  2  2^ 

18 IH  2^  2  2>4 

19 \y  2^  2  2y 

20 1^  2%  2  2^ 

21 2y^  2ys  2  2>4 

22 lys  2y2  2  2^4 

23 H  2>4  2  2^ 

24 1  2^4  2  2y 

25 %  IH  W%  1^ 

26 >^  2  ^  % 

27.. _0_^  _1^  _0 0_ 

Total "77%  ~  777/8 
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One  takes  the  usual  preliminary  notes  with  a  62-ft.  chord,  noting  the 
middle  ordinate  which  gives  the  degree  of  the  curve  at  each  station,  ob- 
serving the  curvature  and  elevation  at  each  station  and  recording  this 
■data  in  the  usual  engineers  field  book.  On  the  opposite  side  of  the  book, 
usually  ruled  like  cross  section  paper,  the  ordinates  of  the  degrees  of 
curve  at  each  station  can  be  plotted  quickly  so  that  the  curve  will  show 
clearly  the  points  of  maximum  and  minimum  variation.     Fig.  16. 


ig- 


16- 


10  IS 

31  Ft  Stations. 


-An  Example  of  the  Graphical  Determination  of  the 
Curve  Offsets 


If  all  the  degrees  of  curvature  in  inches  as  originally  taken  are  added, 
the  sum  for  each  particular  curve  will  remain  constant.  After  reading 
from  the^diagram  the  proposed  degree  of  curve  for  each  station  and  again 
adding,  the  totals  should  equal  the  previous  sum,  and  if  not,  adjustments 
can  be  made. 

The  diagram  of  the  curve  will  locate  quickly  the  points  of  the  maxi- 
mum and  minimum  variation  and  then  an  average  line  for  the  spiral  and 
curve  can  be  plotted.  It  has  been  found  in  plotting  the  '^ Talbot  Spiral" 
in  this  manner  that  it  becomes  a  straight  line  inclining  in  proportion  to 
the  rate  of  runoff  in  feet  per  degree  of  curve.  A  similar  diagram  for 
elevation  using  inches  as  ordinates  at  each  station  can  be  correspondingly 
figured  out  to  fit  the  new  curve  and  spiral.  This  will  give  data  that  will 
permit  a  track  man  to  line  the  track  for  the  spiral  and  curve  throughout 
readily. 

Economical  Size  of  Electrical  Conductors.  A  good  example  of  the 
use  of  charts  in  economical  design  is  given  by  B.  B.  Hood  in  his  article, 
''Proper  Current  Densities,"  published  in  Metallurgical  and  Chemical 
Engineering,  November  15,  1916.  There  is  a  broad  field  for  a  similar 
use  of  this  method  and  it  is  hoped  that  the  illustration  given  here  will 
suggest  many  possibilities  to  the  reader. 

When  it  is  necessary  to  install  large  amounts  of  copper  to  transmit  elec- 
trical power  the  question  of  interest  on  that  copper  should  be  taken  into 
consideration  when  figuring  the  size  of  conductors.  The  cost  of  operat- 
ing such  transmission  lines  may  be  taken  as  the  interest  on  the  copper 
tied  up  plus  a  certain  per  cent  for  amortization  plus  the  cost  of  the 
power  lost.  For  direct-current  work  this  will  be  a  minimum  when  the 
cost  of  interest,  etc.,  equals  the  cost  of  power  lost,  since  interest  varies 
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directly  as  the  copper  involved,  while  the  power  lost  varies  inversely. 
Having  a  certain  amount  of  power  to  transmit,  in  order  to  figure  the  size 
of  conductors,  the  proper  current  density  should  be  determined.  Into 
this  problem  will  enter  the  resistivity  or  conductivity  of  the  copper  to 
be  used,  the  temperature  at  which  it  is  to  be  operated,  the  cost  of  copper 
installed,  the  rate  of  interest  on  the  investment  and  amortization,  and  the 
cost  of  power  to  be  transmitted. 


I    I    I   I      I    Cent.  i>or  Kw.-Hour  ]     |    |    |    | 

iipllllililiiiil 

I    I    I   I      I    Dollar,  per  Kw,.Year  I     I    I    I    t 

-3321 11  Bill  11  Hill 

PoUars  per  H.P.  Year  ** 

Fig.  18 — Copper  vs  Steel  Conductors 

Fig.  17  shows  the  proper  current  density  for  copper  transmission  lines. 

Example:  Copper  bus-bar  having  a  conductivity  of  93%  (Matthiessen's  Standard)  to  be 
operated  at  an  average  temperature  of  38°  C;  cost  of  copper,  =  30^  per  lb.;  interest  plus  amor- 
tization of  investment  =  14% ;  cost  of  current  =  $40  per  kw.-yr. ;  proper  current  density  =  655 
amp.  per  sq.  in. 

Fig.  18  shows  the  relations  between,  cost  of  copper,  cost  of  steel,  rate  of  interest  and  amor- 
tization, cost  of  power  transmitted,  and  current  density,  when  copper  conductors  =  steel  conductors 
in  cost  of  operation.  Cost  of  operation  being  equal  to  interest  on  and  amortization  of  the  in- 
vestment plus  the  value  of  the  power  lost.  Knowing  four  of  the  five  factors  the  other  one  can 
be  determined  from  the  Chart. 

Example :  Current  density  =  248 ;  interest,  etc.  =  12.5% ;  cost  of  power  =  0.330  kwh.  Cost  of 
■copper  =  24.50.  Ans.  Cost  of  steel  =  6.50  per  lb.  If  Steel  costs  less  than  6.50  it  would  be 
cheaper  than  Copper  in  Cost  of  Interest,  etc.  +  Current  Cost. 

This  chart  is  based  on  a  copper  resistivity  of  0,155  ohms  per  meter  gram,  which  is  equivalent 
to  approximately  99%. 
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From  the  chart  Fig.  17  the  proper  current  density  in  amperes  per 
square  inch  may  be  determined,  and  from  it  the  size  of  conductors  readily 
figured.  Taking  the  example  given  find  the  point  where  the  93%  line 
crosses  the  38°  C.  line.  Multiply  the  interest  of  14%  by  the  cost  of  cop- 
per, 30  cts.,  getting  a  factor  of  420.  From  these  points  follow  the  dotted 
lines  until  the  line  representing  the  cost  of  power  at  $40.00  per  kw.  year 
is  reached,  from  thence  over  to  the  curve  and  down  to  the  proper  current 
density  655  amperes  per  sq.  in. 

Suppose  we  consider  an  electrolytic  refining  plant  using  copper  con- 
ductors under  the  above  conditions.  If  instead  of  using  the  proper  cur- 
rent density,  150,000  lbs.  of  conductors  were  installed,  using  a  density 
of  900  amperes,  what  would  be  the  yearly  loss? 

The  interest  charge  on  the  investment  would  be  $6,300  per  yr.  If  the 
density  of  655  amp.  were  used,  the  power  loss  would  amount  to  $6,300 

/  900  \  - 

per  year.     With  900  amp.  the  power  loss  will  be    I  I    X  6300  = 

\  655  / 
$11,890,  or  a  total  of  $18,190  per  yr.  for  operating.     This  makes  no  allow- 
ance for  the  increased  temperature  of  the  conductors  above  38  deg.  C, 
which  would  take  place  .and  increase  the  loss.     If  the  installation  were 

900 

made  so  that  655  amp.  per  sq.  in.  was  obtained,  there  would  be  X 

655 
150,000=  206,200  lb.  of  copper  conductors  installed  which  would  have 
an  interest  and  power  cost  of  $8,660  per  yr.  each,  or  a  total  of  $17,320. 
This  would  make  a  saving  of  $18,190  — $17,320  =  $870  per  year  over 
and  above  all  allowances  for  amortization,  etc. 

Some  times  a  conductor  must  be  large  enough  to  support  a  weight  such 
as  a  cathode.  In  that  case  it  may  be  possible  to  substitute  steel  with  a 
saving,  providing,  of  course,  there  are  no  other  conditions  which  do  not 
prohibit  the  use  of  steel.  From  the  chart  in  Fig.  18  it  is  possible  to  de- 
termine whether  steel  will  compete  with  copper  in  cost  of  operating.  If 
in  the  example  given  steel  costs  less  than  61^c.  per  lb.  installed  it  would 
be  cheaper  to  use  than  copper.  This  situation  exists  largely  because  a 
lower  current  density  is  used  than  would  be  proper  if  the  conditions, 
upon  which  the  chart  in  Fig.  17  is  figured,  were  all  that  were  considered, 
instead  of  bringing  in  the  question  of  strength. 

Chart  for  Pulley  Sizes.  This  article,  by  H.  J.  Fuller,  was  published 
in  American  Machinist,  September  27,  1917. 

The  pulley  user  will  find  this  chart  a  great  time  saver.  When  you 
have  a  lineshaft,  the  speed  of  which  you  know,  and  buy  a  machine  that 
should  run  at  a  speed  given  by  the  maker,  the  question  arises  as  to  what 
pulleys  you  need  to  order. 

There  are  a  great  many  things  that  affect  your  choice  besides  the  diam- 
eters that  will  give  the  speed  ratio :  The  drop  of  the  shaft  hangers  on 
the  lineshaft  or  countershaft;  the  nearness  of  some  pipe  or  beam;  on 
the  machine  itself  some  parts  limit  the  size  of  the  driven  pulley;  or  if 
the  drive  is  close,  the  arc  of  contact  may  prohibit  a  smaller  pulley. 

The  right-hand  figures  in  Fig.  19  are  for  shaft  speeds  in  revolutions 
per  minute,  as  are  the  lower  set  at  the  bottom.  The  other  two  sets  are 
pulley  diameters  in  inches. 
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For  example,  you  have  a  driving  shaft  running  at  150  r.p.m.  and  a 
machine  or  countershaft  running  at  250  r.p.m.  Find  150  at  the  right. 
Follow  the  cross  section  horizontal  line  until  it  meets  the  cross-section 
vertical  line  that  starts  from  250  at  the  bottom  of  the  page.  The  diag- 
onal line  or  curve  that  crosses  this  intersection  is  the  key  to  all  the  pulley 
combinations  that  will  give  these  speeds. 

Notice  that  the  vertical  from  33  and  the  horizontal  from  20  meet  on 
this  line ;  also,  40  and  24,  50  and  30,  67  and  40,  80  and  48,  90  and  54,  5 
and  3,  15  and  9,  etc.  It  works  both  ways.  If  you  have  in  stock  a  number 
of  pulleys,  you  can  soon  tell  how  near  any  two  of  them  will  come  to 
giving  you  the  speeds  you  wish. 


a    rorz    i4l6l8  20K24  26Z830K3436»404e44  46  48  50  5eM56M60«646668:^7e74  76  78eoeZe4868e909294969eK)0 
Pulley  Sizes  in    Inches 
K   8030  40  50  60  70  60  90100       IW      MO       160      i80      200      220      240     260      280      300      320     340     360     380      400      420     440     460     480     500 

Speed  In  R  RM. 

Fig.  19 — Chart  for  Quickly  Determining  the  Sizes  for  Pulleys 

If  the  speed  horizontal  and  vertical  do  not  meet  on  any  of  the  diagonals 
that  are  drawn  to  give  the  usual  speed  changes,  you  can  easily  place  a 
ruler  so  that  the  edge  passes  through  the  intersection  and  also  through 
the  lower  left-hand  corner  of  the  page  and  draw  your  own  key  line. 

Then  also,  if  you  are  limited  to  pulleys  where  horizontal  and  vertical 
do  not  quite  meet  at  the  diagonal  of  your  chosen  speed,  a  glance  will 
show  you  how  much  your  speed  will  be  affected ;  for  instance,  pulleys  49 
and  30  in.  would  make  the  speed  245  instead  of  250. 

In  reading  such  a  curve  or  chart,  a  celluloid  rule  or  right  triangle  is 
an  aid ;  and  when  the  lines  are  close  together,  it  is  sometimes  better  to 
read  a  multiple,  as  in  the  last  example  50  to  30  is  the  same  as  5  to  3. 
Likewise,  for  numbers  larger  than  those  shown,  a  smaller  can  be  used, 
as  15  for  150  on  the  left-hand  side ;  only  it  must  be  remembered  to  add 
the  zero  or  point  off  in  the  answer,  as  the  case  may  need. 

Required  Number  of  Plies  of  Conveyor  Belt.  Engineers  who  have 
occasion  to  ascertain  the  correct  number  of  plies  required  for  conveyor 
belt  will  find  Fig.  20  useful..    The  calculations  are  based  on  the  average 
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safe  strength,  factor  of  safety  of  15,  of  the  various  standard  rubber  con- 
veyor belts.  The  calculations  assume  maximum  loading  conditions; 
that  is  the  belt  is  considered  as  carrying  the  greatest  load  that  it  will 
handle  without  spillage  at  ordinary  belt  speeds.  This  not  only  produces 
the  most  economical  operating  conditions  but  also  the  maximum  tension 
in  the  belts.  The  chart  is  drawn  for  simple  drive  with  base  pulling  and 
for  other  drives  the  number  of  plies  should  be  multiplied  by  the  factors : 
0.83  for  simple  lugged  drive;  0.67  for  tandem  base  drive,  and  0.55  for 
tandem  lugged  drive. 

WIDTH  OF  BELT-INCHES 
10   It    14   18    18    go  22  2<    ge    28  30  aa   34  36    88   40   42  44   4«    48   80  !»   S4    M  «  » 


9  8 

NUMBER  OF  »LI£S 

Fig.  20 — Chart  for  Calculating  Conveyor  Belts 

The  length  factor,  /=  (L  -\-10H),  ref)resented  on  the  chart  by  th& 
lines  500,  600,  700,  etc.,  is  a  developed  factor  equal  to  the  sum  of  the 
length  of  the  belt  and  ten  times  the  difference  in  elevation  between  the 
head  and  tail  pulleys. 

To  find  the  correct  number  of  plies  for  a  conveyor  belt,  knowing  the 
width,  the  length,  the  difference  in  elevation  between  the  head  and  tail 
ends,  and  the  kind  of  material  to  be  handled : 

Start  from  the  width  given  at  the  top  of  the  chart  and  move  down  until 
this  line  intersects  the  line  corresponding  to  the  proper  length  factor; 
then  move  either  right  or  left  until  the  line  corresponding  to  the  given 
material  is  met;  then  move  down  again  to  the  scale  of  plies,  where  the 
next  largest  figure  will  give  the  correct  number  of  plies. 
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For  example :  To  find  the  correct  number  of  plies  for  a  conveyor  belt 
36  in.  wide  and  300  ft.  long,  with  20  ft.  difference  in  elevation ;  handling 
sand  and  gravel :  Follow  the  line  from  the  36-in.  width  downward  until 
it  intersects  the  500  length  factor  line ;  then  follow  to  the  right  until  the 
sand  and  gravel  line  is  intersected ;  then  down  to  the  ply  scale,  where  the 
ply  will  be  found  to  be  7. 

This  chart  is  reproduced  from  a  paper  in  Transactions,  American  Insti- 
tute of  Mining  Engineers,  September,  1915,  by  J.  D.  Mooney  and  D.  L. 
Darnell  with  the  B.  F.  Goodrich  Co. 

The  above  is  from  Engineering  and  Contracting,  Dec.  22,  1915. 

Size  of  Rope  Required.  W.  B.  Growl,  in  Coal  Age,  August  11,  1917, 
gives  the  following : 

A  great  number  of  the  new  coal-mine  operations  are  so  situated  that 
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Fig.  21 — Showing  Stresses  Produced  in 
Rope  by  Various  Loads  and  Grades 

an  inclined-plane  machine  is  required  to  lower  the  loaded  cars  to  the 
tipple.  With  such  an  installation  one  of  the  problems  that  confront 
the  manager  is  the  size  of  and  the  material  to  be  employed  in  the  haul- 
age rope,  in  order  to  make  the  lowering  operation  safe  without  using  an 
excessively  large  rope  and  thus  incurring  unnecessary  expense.  By  using 
the  accompanying  charts  this  problem  can  be  readily  solved. 

Example — To  find  the  size  of  rope  necessary  to  use  on  an  inclined  plane 
400  ft.  long,  25%  slope,  with  two  loaded  cars  in  the  trip ;  capacity  of  cars, 
^k  tons  each;  weight  of  empty  car,  2,000  lb.;  weight  of  coal,  Vk  tons 
(11/^X2,240  =  3,360  lb.),  making  total  weight  of  loaded  car  5,360  lb. 
The  weight  of  two  loaded  cars  will  thus  be  2  X  5,360  =  10,720  lbs. 

Assume  that  it  will  take  a  %-in.  rope  weighing  0.89  lb.  per  ft. ;  400  X 
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0.89  lb.  =  356  lb.  =  weight  of  rope.  The  total  load  on  the  rope  will  then 
be  10,720  +  356  =  11,076  lbs. 

From  Fig.  21,  starting  with  a  total  load  of  11,076  lb.  and  following 
the  vertical  load  line  to  the  25%  grade  curve,  the  stress  in  the  rope  is 
found  to  be  2,875  lbs. 

Using  this  stress  in  the  rope  with  Fig.  22  as  shown  bj^  the  dotted  line, 
a  %-in.  extra-strong  cast-steel  haulage  rope  will  be  found  to  give  a  factor 
of  safety  of  9,  which  is  sufficient.  A  rope  having  a  factor  of  safety  be- 
tween 7  and  10  will  give  satisfactory  service,  but  any  larger  factor  will 
make  it  stronger  than  is  necessary. 


Stress  in  Rope  Pounds,  In  Hundreds 


Fig.  22 — Showing  Stresses  in  Rope  and 
Corresponding  Safety  Factors 


Approximate  Cost  of  Mill  Buildings.  Engineering  Record,  Jan.  29, 
1910,  says : 

It  is  sometimes  convenient  to  be  able  to  tell  offhand  the  approximate 
cost  of  proposed  buildings,  or  the  cost  if  new,  of  existing  buildings  with- 
out going  through  an  estimate  of  all  the  quantities  of  materials  and  labor. 

Some  time  ago  Mr.  Charles  T.  Main  placed  a  valuation  upon  a  portion 
of  the  property  of  a  corporation,  including  some  400  or  500  buildings. 
In  order  to  have  a  standard  of  cost  from  which  to  start  in  each  case,  he 
prepared  a  series  of  diagrams,  Fig.  23,  showing  the  approximate  costs 
of  buildings  varying  in  length  and  width  and  from  one  story  to  six 
stories  in  Height.  The  height  of  stories  also  was  varied  for  different 
widths,  as  given  below. 

The  costs  used  in  making  up  the  diagrams  are  based  largely  upon  the 
actual  cost  of  work  done  under  average  conditions  of  cost  of  materials 
and  labor,  and  with  average  soil  for  foundations. 

The  costs  given  include  plumbing,  but  no  heating,  sprinklers  or  light- 
ing. These  three  latter  items  would  add  roughly  10  cents  per  square 
foot  of  floor  area. 

Use  of  Diagrams. — 1.  The  diagrams  can  be  used  to  determine  the  prob- 
able approximate  cost  of  proposed  brick  buildings  of  the  type  known  as 
**  slow-burning  "  to  be  used  for  manufacturing  purposes  with  total  floor 
load  of  about  75  lb.  per  square  foot,  and  these  can  be  taken  from  the  dia- 
grams readily.  For  example,  if  it  is  desired  to  know  the  probable  cost 
of  a  mill  400  ft.  long  by  100  ft.  wide  by  three  stories  high,  refer  to  the 
diagram  showing  the  cost  of  three-story  buildings.     On  the  curve  for 
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buildings  100  ft.  wide,  find  the  point  where  the  vertical  line  of  400  ft. 
in  length  cuts  the  curve,  then  move  horizontally  along  this  line  to  the 
left-hand  vertical  line,  on  which  will  be  found  the  cost  of  81  cents. 

The  cost  given  is  for  brick  manufacturing  buildings  under  average 
conditions,  and  can  be  modified,  if  necessary,  for  the  following  condi- 
tions : 

(a)  If  the  soil  is  poor  or  the  conditions  of  the  site  are  such  as  to 
require  more  than  the  ordinary  amount  of  foundations,  the  cost  will  be 
increased. 

(b)  If  the  end  or  a  side  of  the  building  is  formed  by  another  build- 
ing, the  cost  of  one  or  the  other  will  be  reduced  slightly. 

(c)  If  the  building  is  to  be  used  for  ordinary  storage  purposes,  with 
low  stories  and  no  top  floors,  the  cost  will  be  decreased  about  10%  for 
large  low  buildings,  to  25%  for  small  high  ones,  about  20%  usually  being 
fair. 

(d)  If  the  buildings  are  to  be  used  for  manufacturing  purposes  and 
are  to  be  substantially  built  of  wood,  the  cost  will  be  decreased  about  6% 
for  large  one-story  buildings,  to  33%  for  high  small  buildings,  and  15% 
would  usually  be  fair. 

(e)  If  the  buildings  are  to  be  used  for  storage  with  low  stories  and 
built  substantially  of  wood,  the  cost  will  be  decreased  from  13%  for 
large  one-story  buildings  to  50%  for  small  high  buildings,  and  30% 
would  usually  be  fair. 

(f )  If  the  total  floor  loads  are  more  than  75  lb.  per  square  foot  the  cost 
is  increased. 

(g)  For  office  buildings,  the  cost  must  be  increased  to  cover  architec- 
tural features  on  the  outside  and  interior  finish. 

The  cost  of  very  light  wooden  structures  is  much  less  than  the  above 
figures  would  give. 

2.  The  diagrams  can  also  be  used  as  a  basis  of  valuation  of  different 
buildings. 

A  building,  no  matter  how  built  nor  how  expensive  it  was  to  build,  can- 
not be  of  any  more  value  for  the  purpose  to  which  it  is  put  than  a  modern 
building  properly  designed  for  that  particular  purpose. 

3.  The  diagrams  can  be  used  as  a  basis  for  insurance  valuations  after 
deducting  about  5%  for  large  buildings  to  15%  for  small  ones,  for  the 
cost  of  foundations,  as  it  is  not  customary  to  include  the  foundations  in 
the  insurable  value. 

Basis  of  Estimates. — Table  1  shows  the  costs  which  form  the  basis  of 
the  estimates,  and  these  unit  prices  can  be  used  to  compute  the  cost  of 
any  building  not  covered  by  the  diagrams. 

The  cost  of  brickwalls  is  based  on  22  bricks  per  cubic  foot,  costing  $18 
per  thousand  laid.  Openings  are  estimated  at  40  cents  per  square  foot, 
including  windows,  doors  and  sills.  Ordinary  mill  floors,  including 
timbers,  planking  and  top  floor  with  Southern  pine  timber  at  $40  per 
thousand  feet  board  measure  and  spruce  planking  at  $30  per  thousand, 
costs  about  32  cents  per  square  foot,  which  has  been  used  as  a  unit  price. 
Ordinary  mill  roofs  covered  with  tar  and  gravel,  with  lumber  at  the 
above  prices,  cost  about  25  cents  per  square  foot,  as  used  in  the  estimates. 

Add  for  stairways,  elevator  wells,  plumbing,  partitions  and  special 
work. 
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Deductions  from  Diagrams. — 1.  An  examination  of  the  diagrams  shows 
the  decrease  in  cost  as  the  width  is  increased.  This  is  due  to  the  fact 
that  the  cost  of  the  walls  and  outside  foundations,  which  is  an  important 
item  of  cost,  relative  to  the  total  cost,  is  decreased  as  the  width  increases. 
For  example,  supposing  a  three-story  building  is  desired  with  30,000 
sq.  ft.  on  each  floor.  If  the  building  were  600  x  50  ft.,  its  cost  would  be 
about  99  cents  a  square  foot.  If  the  building  were  400  x  75  ft.,  its  cost 
would  be  about  87  cents  a  square  foot.  If  the  building  were  300  x  100  ft., 
its  cost  would  be  about  83  cents  a  square  foot.  If  the  building  were 
240  X  125  ft.,  its  cost  would  be  about  80  cents  a  square  foot. 

2.  The  diagrams  show  that  the  minimum  cost  per  square  foot  is  reached 
with  a  four-story  building.  A  three-story  building  costs  a  trifle  more 
than  a  four-story.  A  one-story  building  is  the  most  expensive.  This  is 
due  to  a  combination  of  several  features : 

(a)  The  cost  of  ordinary  foundations  does  not  increase  in  proportion 
to  the  number  of  stories,  and  therefore  their  cost  is  less  per  square  foot 
as  the  number  of  stories  is  increased,  at  least  up  to  the  limit  of  the 
diagram. 

(b)  The  roof  is  the  same  for  a  one-story  building  as  for  one  of  any 
other  number  of  stories,  and  therefore  its  cost  relative  to  the  total  cost 
grows  less  as  the  number  of  stories  increases. 

(c)  The  cost  of  columns,  including  the  supporting  piers  and  castings, 
does  not  vary  much  per  story  as  the  stories  are  added. 

(d)  As  the  number  of  stories  increases,  the  cost  of  the  walls,  owing 
to  increased  thickness,  increases  in  a  greater  ratio  than  the  number  of 
stories,  and  this  item  is  the  one  which  in  the  four-story  building  offsets 
the  saving  in  foundations  and  roof. 

3.  The  saving  by  the  use  of  frame  construction  for  walls  instead  of 
brick  is  not  as  great  as  many  persons  think.  The  only  saving  is  in 
somewhat  lighter  foundations  and  in  the  outside  surfaces  of  the  building. 
The  floor,  columns  and  roof  must  be  of  the  same  strength  and  construc- 
tion in  any  case. 

Re-inforced  Concrete  Buildings. — From  such  estimates  and  proposals 
as  Mr.  Main  has  been  able  to  get,  and  from  work  done,  it  appears  that 
the  cost  of  re-inforced  concrete  buildings  designed  to  carry  floor  loads  of 
100  lb.  per  square  foot  or  less  would  cost  about  25%  more  than  the  slow- 
burning  type  of  mill  construction. 

Table  1. — Prices  Used  for  Estimating. 
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Data  Used  in  Estimating. — Assumed  height  of  stories :  From  ground 
to  first  floor,  3  ft. ;  buildings  25  ft.  wide,  stories  13  ft.  high ;  buildings 
50  ft.  wide,  stories  14  ft.  high ;  buildings  75  ft.  wide,  stories  15  ft.  high ; 
buildings  100  ft.  wide,  stories  16  ft.  high;  buildings  125  ft.  wide,  stories 
16  ft.  high. 

Prices  for  foundations,  brick  walls  and  columns  are  given  in  Table  1. 

Floors  32  cents  per  square  foot  of  gross  floor  space,  not  including 
columns.     If  columns  are  included,  38  cents. 

Roof  25  cents  per  square  foot,  not  including  columns.  If  columns  are 
included,  30  cents.     Roof  to  project  18  inches  all  around  buildings. 

Stairways,  including  partitions,  $100  each  flight.  Allow  two  stairways 
and  one  elevator  tower  for  buildings  up  to  150  ft.  long.  Allow  two 
stairways  and  two  elevator  towers  for  buildings  up  to  300  ft.  long.  In 
buildings  over  two  stories,  allow  three  stairways  and  three  elevator  towers 
for  buildings  over  300  ft.  long. 

In  buildings  over  two  stories,  plumbing  $75  for  each  fixture,  including 
piping  and  partitions. 

Allow  two  fixtures  on  each  floor  up  to  5,000  sq.  ft.  of  floor  space  and 
add  one  fixture  for  each  additional  5,000  sq.  ft.  of  floor  space  or  fraction 
thereof. 

Note. — From  the  above  data  the  approximate  cost  of  any  size  and 
shape  of  building  can  be  estimated  in  a  few  minutes.  After  the  cost  of 
the  items  given  is  determined,  about  10%  should  be  added  for  incidentals. 

Cost  of  Retaining  Walls,  by  E.  F.  Kriegsman,  published  in  Engineer- 
ing Record,  August  9,  1913.  Fig.  24  is  useful  in  determining  approxi- 
mate cost  of  walls  in  connection  with  regrade  work,  viaduct  and  tunnel 
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approaches,  etc.  Usually  one  has  to  wait  for  the  designer  to  ascertain 
the  quantities  before  a  preliminary  cost  report  can  be  made.  This 
manifestly  has  its  disadvantages. 

In  constructing  the  diagram  about  forty  wall  designs  were  investigated 
and  the  quantities  computed.  The  results  were  next  plotted  on  loga- 
rithmic cross-section  paper  and  average  curves  drawn  representing  the 
amounts  of  concrete  and  steel  reinforcement  for  various  heights  of  wall 
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iaving  a  1-ft.  length.  An  average  price  of  $17  per  eu.  yd.  for  concrete, 
steel,  forms  and  finish  was  applied  to  these  yardages.  All  that  one  needs 
is  the  grades  of  the  top  and  bottom  of  the  proposed  wall,  when  one  can 
readily  approximate  the  cost  of  the  finished  wall  with  the  use  of  the 
diagram. 

The  price  of  $17  per  cu.  yd.  may  not  meet  the  requirements  of  many 
engineers,  as  local  conditions  vary  considerably.  If  another  unit  price 
is  desired  all  that  is  necessary  is  to  trace  the  cost  scale  on  tracing  cloth 
and  move  it  horizontally  until  the  desired  cost  is  in  the  same  vertical 
with  the  1-cu.  yd.  line  in  the  diagram  now  occupied  by  $17  at  the  top. 
The  new  location  of  the  cost  scale  will  give  the  desired  cost  for  the  given 
local  conditions. 

For  illustration  the  dotted  line  shows  that  a  cantilever  wall  14  ft.  high, 
without  surcharge  load,  would  contain  0.95  cu.  yd.  of  concrete  and  116  lb. 
of  steel  reinforcement  and  would  cost  approximately  $16  per  linear  foot. 
Excavation  must  be  figured  separately. 

Printing:  Estimates.  Rectilinear  charts,  6  divisions  per  inch  and  12 
divisions  per  inch  are  very  useful  and  time-saving  in  making  layouts. 
On  the  former,  each  small  divisions  is  a  12-point,  or  pica,  space  and  on 
the  latter  each  small  division  is  yi2  of  an  inch  or  6  points.     The  following 
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abstract  and  Fig.  are  from  an  article  by  R.  T.  Porte,  ''The  Costs  of  Job 
Printing,"  in  Inland  Printer,  March,  1919. 

There  are  many  and  varied  estimate  blanks  in  use  by  printers,  and 
some  are  decidedly  elaborate. 

For  my  own  use  I  have  prepared  a  very  simple  blank,  punched  to  fit 
the  ' '  recipe  book, ' '  with  spaces  for  the  various  classes  of  work.  Fig.  25, 
in  reduced  size,  (the  original  is  on  a  sheet  4%  by  7^/^  inches),  will  give  a 
good  idea  of  this.     On  examination  it  will  be  found  simple  yet  complete. 

On  the  back  of  the  estimate  blank  I  have  quadruple-ruled  twelve- 
point  (or  pica)  spaces,  numbered.  On  this  side  I  make  necessary  cal- 
culations for  which  I  do  not  have  room  on  the  front,  or  sketches  as  to 
paper  and  the  number  that  will  cut  out  of  a  sheet,  using  the  numbers  for 
inches  or  half  inches.  Frequently  I  lay  out  a  job  on  them.  In  many 
ways  I  have  found  these  ruled  lines  of  great  value  and  help  in  preventing 
errors  that  might  prove  costly. 

Estimates  of  Cost  of  Transportation.  AVhile  the  following  charts 
pertain  to  moving  earth  with  scrapers,  the  formula  is  applicable  to  the 
transportation  of  any  material  with  any  conveyance.  Therefore,  by 
following  the  method  indicated,  similar  charts  may  be  plotted  for  use  in 
estimating  by  any  contractor  or  concern  interested  in  moving  materials. 
As  will  be  noted,  this  formula  presents  a  means  for  accurately  deter- 
mining what  method  of  transportation  is  most  economical  for  a  given 
job  and  the  charts  (Fig.  30,  for  example)  indicate  the  economical  haul 
for  each  type  of  equipment  tested. 

The  cost  of  earth  moving  is  a  substantial  factor  in  the  total  expense  of 
nearly  all  construction  work,  and  a  considerable  part  of  all  earth  moving 
operations  is  for  work  where  it  is  not  economical  to  use  locomotives  and 
cars,  either  because  of  the  length  of  haul  or  because  the  magnitude  of  the 
work  is  not  sufficient  to  justify  the  preparatory  costs  of  a  large  plant. 
Under  such  conditions  a  choice  must  be  made  between  wagons  or  carts 
and  one  or  more  of  the  various  types  of  scraper. 

It  has  been  the  experience  of  the  writer  that  a  majority  of  contractors 
east  of  the  Alleghenies  are  unfamiliar  with  the  relative  advantages  of  the 
different  kinds  of  scraper  and  do  not  possess  the  data  necessary  to 
determine  for  the  particular  conditions  of  their  work  which  style  and 
size  should  be  most  economic.  A  contractor  who  has  found  wheel  scrapers 
very  successful  in  a  certain  kind  of  earth  is  likely  to  be  biased  in  favor 
of  the  wheel  scraper  for  that  kind  of  earth  more  or  less  regardless  of  the 
length  of  haul. 

The  general  economic  formula  for  transportation  is  as  follows : 

Symbol.  Factor. 

C    The  total  expenses  per  day  in  cents. 

w    The  net  load,  for  the  average  trip,  in  pounds,  or  other 

convenient  unit.  ^ 

8    The  speed  (average)  when  loaded,  in  feet  per  minute. 

K8 The  speed    (average)    when   returning,   in   feet   per 

minute. 

D    The  length  of  haul  in  feet. 

I   The  time  lost  in  turning,  resting,  and  wasted  for  an 

average  round  trip,  in  minutes. 
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■K The  total  cost  in  cents  per  ton  for  transportation. 

^ The  number  of  minutes  in  the  working  day. 

The  following  facts  are  deducible  algebraically : 
D 

— Time  for  a  loaded  trip,  in  minutes. 

S 
D 

—  Time  for  the  empty  haul. 

KS 

D 

I  -\ Actual  time  not  occupied  in  transporting  material,  in 

KS  minutes. 

/)  /      i\ 

—  I    1  H I  +  Z.  Average  time  for  one  round  trip,  in  minutes. 

S  \        kI 

W 

. .  Average  number  of  trips  per  day.     This  value  must  be 

-^  /  1\  an  integral  quantity,  for  the  average  work  for  any 

—  1 1  -| ji-  I        one  day. 

8    \  K/ 

Ww 
.  .Average  total  amount  transported  per  day. 

-(l  +  -)+^ 
^    \  K/ 

^   \         K  / 

R  =  C Cost  of  transportation  per  pound,  or  other 

Ww  convenient  unit. 

The  value  for  C  will  depend  upon  the  number  of  horses  used  in  a 
team,  whether  extra  teams  are  employed  in  loading,  the  general  organi- 
zation of  the  gang,  and  to  a  lesser  extent  on  the  cost  of  repairs  and 
depreciation  of  the  scrapers  themselves.  The  value  w  of  the  net  load 
will  depend  entirely  upon  the  type  and  size  of  equipment,  and  the  care 
with  which  loading  is  done.  It  is  likely  to  vary  much  more  with  wheel 
scrapers  than  with  Fresnos.  In  heavy  ground  which  has  not  been  well 
loosened,  particularly  where  there  are  many  roots  of  trees  and  occasional 
boulders,  the  wheel  scrapers  often  fail  to  get  more  than  a  60%  or  70% 
load.  The  value  for  w  was  determined  by  taking  the  average  of  several 
hundred  trips,  the  amount  of  each  load  being  estimated  by  the  inspector 
on  the  basis  of  the  space  occupied  loose,  multiplied  by  a  density  factor 
and  afterward  checked  by  the  place  measure  computations. 

In  a  well  organized  scraper  gang  the  speed  loaded  and  that  light  are 
fairly  constant  for  constant  conditions,  changing  as  soon  as  the  local 
conditions  vary.  These  conditions  are  the  wetness  of  the  ground  hauled 
over,  the  ''sea  room"  available  for  each  team  and  the  grades  and  curva-. 
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tures  along  the  line  of  haul.  The  length  of  haul  is  nearly  always  a  con- 
stantly vanning  quantity.  Its  average  value  was  determined  by  measur- 
ing it  at  regular  intervals,  and  averaging  the  figures  thus  obtained.  The 
time  lost  in  turning,  loading,  etc.,  varies  somewhat  but  for  a  given  set 
of  conditions  was  taken  as  an  average  of  a  large  number  of  observations. 
The  data  obtained  in  this  way  by  an  inspector  who  timed  scrapers  for 
two  hours  or  so  each  day  were  afterward  compared  with  a  count  kept  by 
a  boy  with  a  tally  machine  at  the  dump,  resulting  in  very  close  agree- 
ment, except  that  the  average  costs  obtained  by  the  time  study  method 
were  nearly  alwaj^s  a  few  per  cent  less  than  the  probable  actual  costs 
kept  by  the  tally  boy  over  the  whole  day's  work.  The  main  reason  for 
this  seems  to  be  that  when  under  the  eye  of  an  inspector  with  a  watch 
in  one  hand  and  a  note  book  on  his  knee  the  drivers  keep  their  teams 
going  a  little  faster  when  not  loaded  and  are  a  little  more  prompt  in 
dumping  and  turning  than  when  observed  by  a  boy. 


Trans- 

Fair. 

Load- 

Trans- 

Dump- 

porting 

Date,  June  20. 

Waiting. 

ing. 

porting. 

ing. 

empty. 

Sand    and    some    loam. 

13:30-15:25 

15:37 

18:27 

18:50 

20:58 

Loads  fair — 3  to  yard, 

14:lo-^G:20 

16:50 

19:50 

20:30 

22:13 

average. 

24:20-25:13 

25:27 

29:15 

29:22 

32:13 

24:40-25:50 

26:20 

29:29 

29:35 

32:49 

Gang:    10  scrapers. 

33:18-34:04 

34:17 

37:58 

38:09 

40:20 

1  snatch. 

33:25-34:58 

35:10 

38:09 

38:20 

40:30 

1  loader. 

42-25-43:12 

43:32 

47:10 

47:15 

49:50 

1  dumpman. 

43:20-44:04 

44:18 

47:15 

47:20 

50:20 

1  foreman. 

50:48-53:20 

53:30 

56:14 

56:27 

58:40 

1  waterboy.  . 

51:07-53:48 

54:05 

56:57 

57:12 

59:50 

Road  to  dump  better  con- 

Footnote.—The  time 

under  each  heading  is  that 

dition  today  and  driv- 

at which  the  performance  was  completed,  i 

e.,  Line 

ers  walk. 

No.  1  waiting 

at  the  loading  poin 

t  was  from  13:30 

Turn=    12x2.6=    30' 

to  15:25;  loading  from 

15:25  to 

15:37;  transport- 

D        =  240  X  2.0  =  625' 

ing  from  15:37  to  18:27,  etc. 

D'       =  225  X  2.6  =  585' 

Observations  were  generally  made  in  groups  of 

Noted    on    several    occa- 

10 or  20  to  facilitate 

obtaining 

the  averages. 

sions  less  time  occupied 

Times  were 

taken  upon  different  teams 

in  order 

to     dump,    as    drivers 

to  get  a  fair  average. 

mount  scrapers  without 

stopping  them. 

Fig.   26 — Sample  Page   from   Inspector's   Note   Book    Showing   Method   of   Keeping 

Notes   in  the   Field 


A  sample  page  from  the  inspector's  note  book  is  given  by  Fig.  26, 
showing  how  the  notes  were  entered  in  the  field,  and  there  follows  in 
Fig.  27  a  typical  report,  made  up  at  night  by  the  inspector,  of  his  con- 
clusions, with  the  result  of  observations.  These  notes  were  taken  by  an 
expert  observer,  and  would  not  be  easy  to  duplicate  by  the  ordinary 
timekeeper;  but  .sufficiently  good  notes  for  maintaining  excellent  control 
over  the  work  can  be  made  by  a  man  of  limited  experience,  once  the 
principles  are  thoroughly  understood.  The  main  essential  is  that  the 
observer  shall  be  absolutely  unbiased.  He  shall  have  no  interest  what- 
ever in  the  quality  or  quantity  of  the  work  done  and  should  confine 
himself  solely  to  the  accurate  report  of  the  facts.  From  these  daily 
reports,  covering  a  period  of  several  weeks,  the  data  were  tabulated,  and 
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Date. 

Wheel  Scrapers 

H gang  was  hauling  sand 

and  loam 

from  A 

Avenue,  under 

the  railroad  bridge 

to  a  point 

close 

to  the  cement  factory 

.     The  road  to  the 

dump    was    in    very 

fair    shap 

e    today,    having 

dried    up 

considerably.     The 

drivers  walked  with 

scrapers 

loaded 

almost  invariably.     A  decrease  in  time 

required  to  dump  was  noticed, 

due  to 

some  of  the  drivers  mounting  the  empty 

scrapers  while  in  motion,  thereby  cutting  down  the  time 

by  the  amount  re- 

quired  to  stop,  get 

on  scraper 

and  start  again. 

•  Considerable  time 

might  be 

saved  if  all  drivers 

followed  this  pi 

in.     Good 

loads  were 

the  rule, 

although 

there  are  many  boulders,  large 

and  small,  which  made  loading  difficult  at  times. 

Dumping 

Waiting  at 

Transporting 

and 

Transporting 

loading  point.        ' 

1/oading. 

loaded. 

turning. 

empty. 

Mins.     Sees. 

Sees. 

Mins.     Sees. 

Sees. 

Mins. 

Sees. 

1           55 

12 

2 

50 

23 
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08 

2           05 

30 

3 

00 

40 

1 

43 

0           53 

14 

3 

48 
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2 

51 

1           10 
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3 

09 
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3 

14 

0           46 

13 

3 

41 

11 

2 

11 

1           33 

12 

2 

59 

11 

2 

10 

0           47 

20 

3 

38 

5 

2 

35 

0           44 

14 

2 

57 

5 

3 

00 

2           32 

10 

2 

44 

13 

2 

13 

2           41 

17 

2 

52 

15 

2 

38 

Av.    1           30.6 

17.2 

3 

09.8 

13.6 

2 

28.3 

D 625' 

10 

scrapers    . 

.$55.00 

D'    585' 

S    197'  ft./min. 

snatch 

.      7.50 
.      2.25 

loader   .  .  . 

KS    236  ft./ 

min. 

dumpman 

.      1.65 

K 1.2 

foreman    . 

.      6.55 

1 2  m.  01.4  s. 

waterboy 

.      1.00 

D/S-f  D'/'KS  5  m.  38.1  s. 

10 

C  ^ 

.$73.95 

w     0.33  c.v 

.  =  835  lbs 

739.5 

r.659 

1 

C 739.5  cts. 

R  = 

= X  - 

r  =  28.6  cts.  per 

c.y.  or          ! 

W    600  mins. 

600 

0.33 

1 

4.58  cts.  per 

2.J.  per  100 

'  haul,  or 

0.0113  cts.  per  lb. 

1 

Fig.  27 — Typical  Report  from  Field  Notes 


each  day's  cost  was  resolved  into  two  parts,  (1)  the  fixed  or  static  co?:t, 
which  included  cost  of  loading,  dumping  and  idle  time,  and  (2)  the  co-^' 
per  100  ft.  of  haul.  Both  of  these  are  obtainable  from  the  time  study 
figures,  Fig.  26. 


In  the  formula,  B  =  C- 


D/S(lJt-l/l^)+l 


'    W.w 

all  the  quantities  may  have  fixed  values  determined  from  observation 
assigned  to  them,  except  w  and  D,  the  load  and  haul,  which  will  var- 
according  to  the  kind  of  scraper  employed  and  the  nature  of  the  work. 

Curves,  Figs.  28,  29  and  30,  may  be  drawn  showing  costs  for  varying?" 
loads  and  lengths  of  haul. 

Of  course,  these  charts  apply  only  to  the  conditions  under  which  thic 
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work  was  done,  but  similar  charts  may  be  made  to  suit   any  given 
conditions. 

The  above  is  but  a  short  abstract  of  the  complete  article  by  R.  T.  Dana, 
published  in  Engineering  and  Contracting,  June  3,  1914,  and  the  writer 
would  refer  all  interested  in  these  charts  to  the  original  article  which  is 
well  worth  their  stud}^,  before  undertaking  similar  methods. 
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Fig.  28 — Curves  Showing  Cost  per  Cubic 
Yard  of  Handling  Loam,  Sand,  Etc., 
with  Fresno  Scrapers  for  Various 
Sizes  of  Load  and  Length  of  Haul 


A  Method  of  Determining  Time  of  Performance  of  Work  with 
Special  Application  to  Grading.  The  time  factor  in  construction  work 
is  a  variable  which  is  dependent  upon  many  conditions  and  is  often  of 
considerable  importance.  It  appears  that  a  practical  method  of  approxi- 
mating the  number  of  working  days  to  be  allowed  for  a  given  contract  is 
by  carefully  segregating,  analyzing  and  averaging  portions  of  similar 
work  performed  under  approximately  the  same  conditions. 

In  a  paper  before  the  Society  of  Municipal  Engineers  of  the  City  of 
New  York,  Mr.  G.  L.  Bennett,  efficiency  engineer  for  the  New  York  Board 
of  Estimate  and  Apportionment,  presented  a  general  discussion  of  this 
subject  with  a  detailed  method  of  handling  grading  work,  which  is  in 
use  by  Mr,  R.  H.  Gillespie,  chief  engineer  of  sewers  and  highways  for  the 
Borough  of  Bronx,  New  York.  While  the  methods  and  costs  given  apply 
directly  to  New  York  City  conditions,  the  method  of  approaching  the 
problem  is  applicable  to  any  locality. 

Contracts  commonly  arise  from  demands  which  in  themselves  are  either 
urgent  and  set  for  a  particular  time  of  fulfillment  or  are  more  com- 
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Pig.  29 — Curves  Showing  Costs  Per  Cubic  Yard  of  Handling  Loam  and 
Loam  Clay  with  Wheel  Scrapers  for  Various  Sizes  of  Load  and  Length 
of  Haul 
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Fig.  30 — Diagram  Comparing  Economy  Up  to  275  Ft.  Haul  of  Fresno  and 

Wheel   Scrapers 
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plaisant  as  to  time,  requiring  only  ultimate  completion  within  rather  wide- 
time  limits. 

Contracts  of  the  former  type,  for  emergency  work  or  for  supplying 
necessary  links  in  larger  schemes,  can,  in  proportion  to  their  needs, 
afford  to  sacrifice  economy  for  dispatch.  Contracts  of  the  latter  type, 
which  includes  a  majority  of  street  improvement  work,  can  properly 
afford  to  disregard  time  as  such  and  to  seek  economy  of  total  costs  alone. 

Definition  of  Contractor's  Economical  Time. — There  are  comparatively 
few  pieces  of  work  which  can  only  be  economically  accomplished  by  the 
use  of  some  one  particular  equipment  and  of  some  one  particular  method. 
In  general,  there  are  a  number  of  equipments  and  methods  which,  de- 
pending upon  the  genius  of  those  in  control  for  management  under  the 
conditions  obtained  will  yield  economical  results,  but  will  require  some- 
what different  times  for  completion.  Leaving  out  of  account  variations 
in  required  time  due  to  such  causes  there  is  for  each  sort  of  work  some 
number  of  working  days,  more  than  which  could  not  economically  be  used 
by  the  contractor.  Thus,  on  a  pick  and  shovel  job,  the  employment  of 
less  than  a  certain  number  of  men  would  not  be  economical  because  of 
the  cost  of  the  foreman  and  superintendence;  similarly,  the  use  of  more 
than  a  certain  number  of  working  days  by  a  contractor  would  be  un- 
economical. The  same  thing  applies  to  any  job  for  which  an  equipment 
and  force  are  provided  sufficient  to  complete  that  job  in  one  of  the 
perhaps  several  most  economical  ways  so  far  as  contractor's  costs  are 
concerned ;  and  to  this  somewhat  varying  time  may  be  applied  the  term^ 
''Contractor's  Economical  Time." 

.  Equipment  Warranted. — It  is  to  be  recognized  that  small  total  contract 
quantities,  in  general,  only  warrant  the  employment  of  light  and  easily 
moved  equipments  and  that  as  the  quantities  become  larger  more  and 
still  more  effective  equipments  are  warranted. 

But  this  may  be  modified  considerably  by  the  amount  of  work  of  this 
nature  done  or  yet  to  be  done,  in  the  locality  of  the  contract  in  question. 
Thus  a  rather  small  contract  for  rock  excavation  could  properly  be  given 
a  shorter  contract  time  in  the  northern  part  of  Greater  New  York  where 
rock  excavation  is  constantly  in  progress  than  it  could  somewhere  out 
on  the  shores  of  Long  Island  or  southern  New  Jersey. 

Relation  of  Labor  Cost  to  Equipment. — The  amount  of  equipment  to 
be  employed  is  seriously  effected  by  the  costs  of  labor  and  the  ease  of 
procuring  equipment.  Where  satisfactory  labor  is  expensive  or  difficult 
to  procure,  contractors  will,  in  general,  employ  machinery  of  a  type 
which  otherwise  would  only  be  used  on  much  larger  contracts,  resulting, 
of  course,  in  a  shorter  contractor's  economical  time.  Where  machinery 
can  be  ea.sily  hired,  equipment  will  often  be  used  on  small  jobs  such  as 
could  not  otherwise  be  afforded.  This  affects  also  very  large  jobs  for 
which,  where  no  satisfactory  disposal  can  be  made  of  worn  machinery, 
equipment  is  often  provided  only  in  such  quantities  that  it  shall  all  be 
practically  wo^n  out  when  the  job  is  completed. 

Definition  of  Total  Co.sf.— The  total  cost  of  work  rather  than  the  cost 
to  the  contractor  is  the  matter  which  interests  the  engineer  in  his  capacity 
of  manager  for  the  party  contracting  for  the  work.  And  the  total  cost 
is,  of  course,  the  contract  price  plus  the  costs  of  surveys  and  designs,  plus 
the  costs  of  inspection,  superintendence  and   interest  on   the   moneys 
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invested  by  partial  payments  or  otherwise,  all  of  which  latter  vary  nearly 
directly  with  the  time  taken  for  the  work. 

Two  Methods  of  Determining  Time. — Two  methods  of  ascertaining' 
the  time  to  be  allowed  were  open : 

(a)  By  the  balancing  of  inspection,  superintendence,  interest  and 
similar  time  charges  against  the  increased  costs  of  obtaining  and  operat- 
ing equipment  of  more  capacity  than  are  required  to  complete  the  con- 
tract in  the  contractor 's  economical  time.  That  point  on  the  curve  which 
gives  the  least  total  cost,  is  the  correct  time  to  allow  for  the  contract. 

(b)  By  plotting  the  times  allowed  on  previously  completed  contracts 
composed  mainly  of  one  kind  of  work  and  which  had,  in  the  judgment  of 
the  engineers  in  charge  thereof,  been  prosecuted  vigorously  and  with 
adequate  equipment,  a  series  of  curves  of  quantity  with  reference  to  time 
can  be  drawn  for  each  kind  of  work,  each  curve  recognizing  in  its  equation 
some  particular  controlling  factor  of  variation.  Having  such  curves  and 
knowing  the  total  quantity  of  work  to  be  done,  the  proper  contract  time 
can  be  ascertained  and  the  results  combined  to  give  the  time  for  a 
contract  including  various  kinds  of  work. 

In  view  of  the  large  number  of  assumptions  which  must  be  made  and 
the  work  involved  the  first  method  has  been  discarded  in  favor  of  the 
second. 


RULES  FOR  INTERPRETING  CURVES  USED  IN  METHOD  B.      FIGS.  31,  32,  AND  33. 

Determination  of  Contract  Time. — To  determine  the  number  of  days 
which  shall  be  written  into  any  contract  for  regulating  and  grading  as 
the  number  of  working  days  to  be  allowed,  the  curves  hereto  attached  are 
to  be  used  in  accordance  with  the  rules  herein  given. 

Explanation. — The  work  to  be  done  will  consist  of  items  of  rock  or 
earth  excavation  or  of  filling  or  of  both,  of  curb,  of  flagging,  and  of 
bridge-stones.  These  may  or  may  not  be  accompanied  by  walls  of  dry 
rubble,  rubble  in  mortar,  or  concrete ;  by  pipe  drains ;  by  inlets ;  by  re- 
ceiving basins;  by  manholes;  by  piles;  and  by  special  constructions. 
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Fig.  31 — Curve  for  Earth  Excavation 
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Items  Which  Govern. — Ordinarily,  work  on  more  than  one  of  these 
items  can  be  prosecuted  at  the  same  time.  Care  is  therefore  required  to 
so  use  the  information  available  of  the  special  conditions  surrounding  a 
proposed  work  as  to  eliminate  from  consideration  all  of  those  items  and 
all  parts  of  items  which  can  properly  be  done  during  the  progress  of 
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Fig.  32 — Curve  for  Rock  Excavation 

some  other  item.  There  will  thus  be  left  as  the  determining  factor  in  the 
required  time  for  such  work  one,  or,  more  rarely,  two  main  items  which 
can  not  be  done  simultaneously  and  some  preliminary  and  subsequent 
parts  of  items. 

The  main  items  are  liable  to  be  earth  and  rock  excavation  or  filling. 
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Fig.  33— Curve  for  Filling 


The  preliminary  parts  of  items:  the  excavation  of  sufficient  earth  to 
permit  earth  and  rock  excavation  to  progress  simultaneously;  the  build- 
ing of  sufficient  of  the  pipe  drains,  inlets,  manholes  or  basins  to  permit 
such  building  and  the  filling  to  progress  simultaneously  or  the  building 
of  sufficient  walls,  in  those  few  cases  where  such  wall  is  necessary  before 
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any  filling  can  be  done,  to  permit  such  wall  building  and  filling  to 
progress  simultaneously.  The  subsequent  parts  of  items:  special  struc- 
tures which  can  not  be  completed  until  after  the  main  item  is  completed ; 
curb,  flagging  or  bridgestone. 

The  curves  have  been  drawn  to  recognize,  in  view  of  the  total  quantity 
of  an  item  to  be  done,  the  equipment  and  force  which  should  be  used. 

They  show,  accordingly  each  for  its  condition,  the  amount  of  time  for 
any  total  quantity  which  should  be  consumed  in  completing  that  quantity. 

Rule  1. — If  the  time  for  a  part  of  an  item  has  to  be  estimated,  it  is  to  be 
taken  therefore  at  the  same  rate  of  accomplishment  per  day  as  is  the 
total  quantity. 

Rule  2. — Where  conditions  are  clearly  intermediate  between  those 
shown  by  the  curves,  interpolation  is  permissible,  but  where  doubt  exists 
it  is  preferable  as  making  for  lower  costs  to  take  that  nearest  diagrammed 
condition  which  gives  the  longer  contract  time. 

Rule  3. — Where  a  part  of  an  item  comes  clearly  under  one  condition 
recognized  in  the  curves  and  the  remainder  as  clearly  under  another, 
unless  the  equipment  and  force  which  should  properly  be  used  for  doing 
these  two  parts  is  widely  different,  the  time  for  the  two  parts,  each 
taken  at  the  same  rate  of  accomplishment  as  if  the  total  quantity  came 
under  that  part's  condition,  shall  be  summed  to  give  the  time  for  that 
item. 

Rule  4. — If  the  equipment,  etc.,  should  properly  be  different,  the  time 
for  each  part  of  the  item  is  to  be  taken  as  if  the  quantity  for  this  part 
item  were  a  total  quantity  and  the  times  so  obtained,  summed  to  give  the 
total  time  for  the  item. 

Note. — It  is  to  be  remembered  that  the  contract  provides  that  allow- 
ances of  time  for  delays  occasioned  by  the  weather,  or  by  any  act  or 
omission  on  the  city's  part,  are  to  be  made  in  addition  to  the  number  of 
working  days.  No  consideration  need  be  given^  in  their  determination 
to  any  conditions  arising  from  such  causes. 

The  curves  represent  average  good  practice  as  determined  from  the 
records  of  many  contracts.  They  do  not  represent  the  greatest  progress 
which  can  be  made  under  good  management,  and  if,  therefore,  conditions^ 
arise  not  provided  for  in  these  curves,  such  as  inability  to  attack  the 
work  in  more  than  a  few  points,  unless  the  condition  is  very  severe,  no 
additional  working  days  are  to  be  allowed  as  a  total. 

Rule  5. — For  time  necessary  to  get  the  work  started  after  being 
ordered  ahead  and  for  stopping,  after  completion,  10  working  days  are 
to  be  allowed  as  a  total. 

The  following  examples  are  given  to  illustrate  the  use  of  the  curves. 

Example  1. — On  a  contract  with  a  center  line  length  of  8,900  ft.  and  a 
street  width  of  100  ft.  there  are  the  following  items  and  quantities : 

Earth  excavation  . , 88,000  cu.  yds. 

Rock  excavation    26,700  cu.  yds.. 

Fill 151,100  cu.  yds. 

Dry  rubble  masonry 700  cu.  yds. 

Rubble  in  mortar 25  cu.  yds. 

12-in.  pipe 100  lin.  ft. 

18-in.  pipe •  • 575  lin.  ft. 
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Manholes '. 4 

Guard  rail   5,800  lin.  ft. 

Lumber    7,500  ft.  (B.  M.) 

Filling. — It  is  known  that  over  a  portion  of  the  work  where  filling  is 
required  the  street  is  located  on  a  swamp  where  settlement  will,  in  all 
probability,  take  place.  Assume  that  this  settlement  will  amount  to 
30,000  cu.  yds.  Then  the  total  filling  required  to  complete  the  work 
would  be  151,100  +  30,000  =  181,100  cu.  yds. 

The  sum  of  the  earth  and  rock  excavation  amounts  to  114,700  cu.  yds. 
It  should  be  assumed  that  the  entire  excavation  is  to  be  applied  to 
making  the  fill  so  the  material  can  be  considered  as  easily  available. 

The  balance  of  the  material  required  for  filling  (66,400  cu.  yds.)  must 
be  obtained  from  outside  sources.  It  is  further  known  that  the  swamp 
section  of  the  street  is  near  tide  water  where  material  can  be  obtained 
by  scows.  This  material,  so  obtained,  should  be  classed  as  material 
*'  easily  a-sjailable. "  Even  though  the  dock  or  nearest  obtainable  land- 
ing may  be  at  some  distance  from  the  street  under  consideration,  and 
especially  in  view  of  the  possibility  of  obtaining  and  placing  this  filling 
during  the  progress  of  the  grading  on  other  portions  of  the  work,  it 
should  be  classed  as  ' '  easily  available. ' ' 

An  examination  of  the  filling  diagram  will  therefore  indicate  that  con- 
sidering 181,100  cu.  yds.  as  ^'easily  available,"  332  days  should  be 
allowed,  and  adding  to  this  10  days  for  starting  and  stopping,  we  have 
342  days,  or  say  345  days  for  the  contract  time. 

Excavation. — If,  on  the  other  hand,  we  consider  the  excavation  and 
know  that  the  earth  cutting  averages  from  4  to  6  ft.  in  depth,  and  the 
rock  4  to  8  ft.  in  depth,  and  that  10,000  cu.  yds.  of  earth  must  be 
excavated  before  rock  excavation  can  begin,  and  that  thereafter  both 
will  be  carried  on  simultaneously,  we  will  obtain  from  the  curves  the 
following : 

10,000  cu.  yds.  earth  excavation  (at  88,000  rate) 27  days 

26,700  cu.  yds.  rock  excavation 212  days 

239  days 
Starting  and  stopping 10  days 

249  days 

If  we  consider  only  the  earth  excavation,  and  assume  that  while  same 
is  in  progress  the  rock  will  be  excavated,  we  have  from  curves  the 
following : 

88,000  cu.  yds.  earth  excavation ' 235  days 

Starting  and  stopping 10  days 

Total  time  required 245  days 

It  is  evident  from  the  above  that  the  filling  required  on  the  work 
■controls  and  that  the  contract  time  should  be  fixed  at  345  days. 
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Example  2 — 

Earth  excavation 1,000  cu.  yds. 

Kock  excavation 500  cu.  yds. 

Pilling 120,000  cu.  yds. 

In  this  example  the  excavation  is  plainly  not  to  be  considered.  The 
filling  if  easily  available  will  by  the  curves  require  268  days.  If  not 
easily  available,  filling  will  require  357  days. 

To  either  of  these  10  days  should  be  added  for  starting  and  stopping, 
making  either  278  days  which  call  280  days,  or  367  days  which  call 
370  days. 

Example  3 — 

Earth  excavation 6,000  cu.  yds. 

Eock  excavation 6,000  cu.  yds. 

Filling   12,000  cu.  yds. 

If  earth  overlays  rock,  the  quantity  of  earth  which  must  be  removed 
to  permit  rock  and  earth  excavation  to  progress  simultaneously,  must  be 
determined  from  a  knowledge  of  the  local  conditions.  If  these  condi- 
tions show  that  say,  35%  of  the  earth  has  to  be  removed  before  the  rock 
excavation  can  be  properly  commenced,  and  that  the  rock  has  an  average 
depth  of  four  feet  or  less,  the  times  required  for  excavation  will  be : 

For  earth  35%  of  the  64  days  required  by  curve  for  hand  labor 
for  6,000  yds. 

For  rock  114  days  required  by  curve  for  6,000  yds.  of  average  depth 
four  feet  or  less. 

The  sum  of  these  two,  plus  10  days  for  starting  and  stopping  equals 
146  days  which  call  150  days. 

The  filling,  which  is  all  easily  available,  would  only  require  90  days. 

Therefore  the  contract  time  for  this  job  would  be  150  days. 

If  earth  and  rock  are  in  separate  cuts  and  separately  approachable  so 
that  the  two  sorts  of  excavation  can  properly  progress  simultaneously,  the 
earth  excavation  need  not  be  considered.  The  filling  will,  of  course,  not^ 
be  the  determining  factor  and  the  rock  excavation  will  be.  Under  these' 
conditions,  the  contract  time  should  be  for  rock  excavation,  114  days 
plus  10  days  for  starting  and  stopping  equals  124  days,  say  125  days. 


Example 

Earth  excavation 20,000  cu.  yds. 

Rock  excavation 2,000  cu.  yds. 

Filling  3,000  cu.  yds. 

In  this  case,  the  earth  overlies  subgrade  rock  throughout  most  of  the 
work. 

The  rock  excavation  remaining  to  be  finished  after  the  earth  excavation 
is  completed  will  amount  to  about  18%  of  the  total  rock  excavation. 

The  filling  will  not  determine  the  required  time. 

The  earth  excavation  being  all  in  shallow  cut  will  be  taken  out  by  hand 
labor,  thus  requiring  118  days. 

The  2,000  yd.  rock,  4  ft.  cut  or  less,  would  require  36  days,  and  18% 
of  this  would  require  6  days. 
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The  sum  of  the  above  plus  10  days  start  and  stop  equals  134  days, 
which  call  135  days. 

Example  5 — 

Earth  excavation 1,000  cu.  yds. 

Rock  excavation 6,000  cu.  yds. 

Filling 7,500  cu.  yds. 

Here,  the  1,000  cu.  yds.  earth  overlies  the  6,000  cu.  yds.  rock  and  the 
conditions  show  that  only  a  very  little  earth  will  be  taken  off,  say,  200  yds. 
before  the  rock  is  commenced.  Two  hundred  yards  earth  should  require 
about  one-fifth  of  the  24  days  required  by  hand  labor  curve  for  the  total 
1,000  yds.,  say  5  days. 

Six  thousand  cubic  yards  rock,  of  a  four-foot  or  less  depth  of  cut, 
requires  by  the  curve  114  days. 

The  sum  of  the  above  plus  10  days  for  start  and  stopping,  equals  129' 
days  which  call  130  days,  contract  time. 

Example  6 — 

Earth  excavation 30,000  cu.  yds. 

Rock  excavation 45,000  cu.  yds. 

Filling   (easily  available) 120,000  cu.  yds. 

The  filling  will  require  by  the  curve  268  days. 

The  earth  and  rock  excavation  are  such  that  they  can  be  prosecuted 
quite  simultaneously.  The  rock  excavation  will  therefore  control  and 
has  an  average  depth  of  6  ft.,  requiring  by  the  curve  270  days,  so  that 
270  days  is  good  for  either. 

Therefore  270  plus  10  days  stop  and  start  gives  280  days  as  the 
contract  time. 

The  application  of  this  method  to  others  of  the  more  usual  types  of 
municipal  work  is  obvious  and  in  some  cases  is  under  way. 

The  confidence  of  contractors  in  general  in  the  absolute  fairness  and 
in  the  knowledge  of  the  engineer,  will,  perhaps  as  much  as  any  other 
factor,  tend  to  lower  the  costs  of  work  to  be  done.  And  to  this  end  a 
uniform  method  of  figuring  the  contract  time  rather  than  guessing  at  it, 
will,  it  is  believed,  contribute  in  no  small  degree. 

It  is  probable  that  the  curves  herein  given  will  require  modification 
in  some  instances  to  make  them  fit  to  the  experience  of  other  localities, 
and  it  is  possible  that  a  further  study  of  data  similar  to  that  upon  which 
these  curves  are  based  may  lead  to  somewhat  higher  or  lower  averages 
of  performance,  resulting  in  shorter  or  longer  contract  time. 

Tho  above  is  from  Engineering  and  Contracting,  May  13,  1914. 

Manholes.  The  following  article  by  John  Wilson,  is  from  Engineer- 
ing and  Contracting,  December  9,  1908.  Fig.  34  is  for  estimating  the 
quantities  of  materials  in  manholes ;  and,  at  given  prices  of  materials  and 
labor,  the  co.st  of  the  manhole  can  likewise  be  ascertained.  The  diagram 
.shown  is  for  a  4-ft.  manhole. 

Having  the  depth  of  the  manhole  given,  the  number  of  brick,  the 
amount  of  sand,  cement,  mortar,  the  cost  of  labor,  and  total  cost  of 
manhole  complete,  plus  15%  profit,  may  be  taken  from  the  diagram. 
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Thus  for  a  15-ft.  manhole,  follow  vertical  line  to  intersection  with 
l)rick  curve,  thence  horizontally  to  left  read  2,600.  From  the  inter- 
sections of  the  last  horizontal  line  with  the  sand,  mortar  and  cement 
curves,  respectively,  read  vertically  above  1.88  cu.  yds.  of  sand,  2.22 
cu.  yds.  of  mortar  and  4.6  barrels  of  cement.  To  ascertain  the  cost, 
follow  vertical  line  from  bottom  to  intersection  with  the  cost  curves,  and 
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Fig.  34 — Diagram  for  Estimating  Cost  of  Manholes 


read  horizontally  to  right,  cost  plus  15%,  $64,  of  which  the  cost  of  labor 
alone  is  $12.50. 

The  curves  allow  for  a  double  layer  of  brick  in  the  bottom  and  the 
outside  of  the  manhole  to  be  well  plastered.  It  is  an  easy  matter  to  draw 
similar  curves  to  meet  local  conditions  and  thus  secure  a  very  ready 
method  of  making  estimates. 

Estimating:  Higfhway  Bridges.  The  following  is  from  Engineering 
ing  Record,  August  7,  1915  : 

Helpful  diagrams  for  use  in  the  selection  of  the  most  economical  type 
and  in  making  estimates  for  highway  bridges  have  been  plotted  by  G.  F. 
Burch,  assistant  bridge  engineer,  Illinois  Highway  Department,  based 
upon  the  standard  plans  of  bridges  prepared  by  that  department  and 
the  quantities  of  material  in  many  standard  designs.  These  diagrams, 
which  were  published  in  the  June  issue  of  ' '  Illinois  Highways, ' '  give  the 
weight  of  steel  and  the  amount  of  concrete  in  steel  truss  spans  from 
50  to  160  ft.  long,  with  a  4-in.  concrete  floor,  in  reinforced-concrete  girder 
;spans  from  30  to  60  ft.  long,  and  in  reinforced-concrete  slabs  from 
5  to  30  ft.  long.  In  addition  curves  are  given  for  the  amount  of  concrete 
in  the  abutments,  both  plain  and  reinforced. 

The   curves  given  are  for  quantities  only.     The   cost   of  labor   and 
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material  must  be  determined  for  each  and  every  job  and  applied  to  the 
given  quantities,  which  are  intended  primarily  for  use  in  the  field. 

The  steel  trusses  are  of  the  ordinary  Pratt  truss  type  with  parallel 
chords  and  riveted  connections.  The  design  provides  for  a  4-in.  con- 
crete floor,  with  a  wearing  surface  assumed  to  weigh  not  less  than  50  Ib- 
per  square  foot.  On  account  of  the  weight  and  rigidity  of  the  concrete 
floor  no  allowance  is  made  for  impact.  Floor  systems  are  designed  to 
carry  a  15-ton  traction  engine  in  addition  to  the  dead  load.  Trusses  are- 
designed  to  carry  a  uniform  load  of  100  lb.  per  square  foot  of  road- 
surface  for  spans  from  50  to  150  ft.,  and  a  uniform  load  of  85  lb.  for 
spans  exceeding  150  ft.  long.  The  usual  A.  R.  E.  A.  unit  stresses  are 
used  in  the  design.  Pony  trusses  are  used  for  spans  of  from  50  to  85  ft.,, 
and  through  trusses  for  spans  of  from  90  to  160  ft. 

Fig.  35  gives  the  curves  for  the  weight  of  structural  steel,  and  the 
yardage  of  concrete  in  floors,  for  16  and  18-ft.  roadways.  The  break  in 
the  steel  curves  is  at  the  point  where  the  change  is  made  from  low  tO' 
high  trusses. 

Reinforced-concrete  through  girders  are  used  for  spans  of  from  30  tO' 
60  ft.  This  type  of  structure  is  designed  to  carry  either  a  uniform  load 
of  125  lb.  per  square  foot,  or  an  engine  load  of  24  tons.  The  design 
provides  for  a  wearing  surface  weighing  50  lb.  per  square  foot.  As. 
free  expansion  and  contraction  are  allowed  by  the  cast-iron  rockers. 
placed  under  each  girder  at  one  end  of  the  spans,  the  allowable  unit, 
stresses  used  are  quite  high.  Designs  are  figured  for  a  steel  stress  of 
16,000  lb.  per  square  inch  and  a  compression  stress  in  the  concrete  of 
approximately  1,000  lb.  per  square  inch.  A  maximum  unit  shear  of 
120  lb.  per  square  inch  is  allowed.  Stirrups  are  provided  for  all  .shear 
in  excess  of  40  lb.  per  square  inch.  Fig.  36  shows  curves  giving  the 
quantities  of  concrete  and  reinforcing  steel  for  16,  18  and  20-ft.  roadways.. 

For  spans  less  than  30  ft.  the  slab  type  of  construction  has  been  found 
to  be  somewhat  cheaper  than  the  girder  type,  due  to  the  fact  that  the 
arrangement  of  the  steel  is  much  simpler  and  less  steel  is  used  per  cubic 
yard  of  concrete.  It  has  not  been  found  practicable  to  make  provision 
for  free  expansion  of  slabs.  Accordingly,  a  stress  of  12,000  lb.  per 
square  inch  of  reinforcing  steel  is  allowed  for  dead-load  and  live-load 
stresses.  The  concrete  stress  is  800  lb.  per  square  inch.  Slabs  are- 
designed  for  the  same  live  load  as  girders.  Fig.  37  gives  the  quantities 
of  concrete  and  steel  in  slabs  having  clear  roadways  of  16,  18,  20,  and  24 
ft.,  for  spans  of  from  5  to  30  ft. 

In  preparing  curves  to  show  the  quantities  in  abutments  it  was  found 
that  there  were  many  variables  which  might  be  considered,  but  which  if 
used  would  produce  such  complex  formulas  as  to  make  the  curves  of  little 
use  in  the  field.  It  was  found  that  curves  giving  reliable  results  might 
be  obtained  by  plotting  the  cubic  yards  of  concrete  in  two  abutments 
against  a  formula  which  represented  a  measure  of  the  quantities  desired. 
The  variables  in  this  formula  are  H,  height  of  abutment  from  bottom  of 
foundation  to  top  of  roadway;  R,  clear  width  of  roadway  on  super- 
structure, and  ir,  length  of  average  wing  wall.  For  plain  concrete- 
abutments  the  best  results  were  obtained  by  using  the  term  IP  (Z?  -|-  2W). 

Plain  concrete  abutments  for  steel  bridges  are  designed  with  a  footing" 
width  of  one-third  of  the  height  over  all,  and  the  thickness  of  the  footing; 
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is  usually  from  18  to  24  in.  The  width  of  the  base  of  the  abutment  and 
wing  walls  at  the  top  of  the  footing  is  made  approximately  one-quarter 
of  the  height  of  the  walls.  The  back  of  the  abutment  wall  is  vertical  and 
the  face  of  the  wall  is  battered  to  a  top  width  of  from  30  to  38  in.  The 
wing  walls  are  battered  on  both  sides  and  have  a  top  width  of  12  in. 
Fig.  38  shows  the  curves  from  which  the  yardage  of  plain  concrete  abut- 
ments for  steel  bridges  may  be  obtained.  When  field  measurements  are 
made  to  determine  the  necessary  height  of  abutments,  and  the  width  of 
roadway  is  decided  upon,  it  is  easy  to  estimate  the  length  of  wing  walls 
w^hich  will  be  required.  These  figures  are  then  used  in  the  formula  and 
the  yardage  of  concrete  is  read  directly  from  the  curve. 

The  design  of  plain  concrete  abutments  for  girder  bridges  is  similar  to 
the  design  for  steel  bridges,  except  that  the  wing  walls  are  battered  on 
the  face  side  only,  and  the  top  width  of  the  abutment  wall  is  18  in. 
Fig.  38  shows  the  curve  from  which  quantities  for  this  type  of  abutment 
are  obtained.  Plain  concrete  abutments  for  slab  bridges  differ  slightly 
from  the  preceding  design.  The  width  of  footing  on  the  abutment  wall 
is  limited  only  by  the  safe  bearing  capacity  of  the  soil,  with  a  minimum 
of  3  ft.  This  width  may  sometimes  be  less  than  one-third  of  the  height. 
This  is  deemed  to  be  safe  on  account  of  the  restraining  effects  of  the 
superstructure.  The  top  width  of  the  abutment  wall  is  12  in.  and  the 
curve  for  estimating  the  yardage  is  shown  in  Fig.  38. 

When  these  curves  are  used  for  plans  based  on  the  Illinois  Highway 
Department's  standards,  the  maximum  error  for  superstuctures  is  only 
about  Slii%  and  for  substructures  about  5%. 

Following,  is  a  list  of  articles  containing  further  illustrations  of  the 

use  of  graphic  charts  of  the  class  discussed  in  this  chapter  and  pertaining 

to  kindred  subjects. 

Upon  request,  the  Codex  Book  Company,  Inc.,  19  William  Street,  New 

York,  will  be  glad  to  procure,  'where  possible,  copies  of  magazines  con- 
taining the  articles  needed,  only  charging  the  ' '  old  magazine ' '  price,  plus 

postage. 

*'Cost  of  Girder  and  Slab  Concrete  Bridges,"  B.  H.  Piepmeier,  Engi- 
neering Record,  February  3,  1912. 

'"Estimating  Curves  for  Standard  Bridges  of  the  Illinois  Highway 
Dept.,"  Engineering  and  Contracting,  Feb.  10,  1915. 

'* Railway  Ditching  Trains,"  Engineering  News,  March  16,  1916. 

"Aids  to  Estimating  the  Cost  of  Vitrified  Pipe  Sewers,"  W.  G.  Kirch- 
offer,  Engineering  News,  Oct.  26,  1916, 

"** Estimating  Building  Costs,"  W.  P.  Anderson,  Concrete,  Nov.,  1917. 

"Graphical  Solution  of  Transmission  Line  Problems,"  T.  A.  Wilkinson, 
Electrical  World,  August  12,  1916. 

""  Graphic  Methods  of  Analysis  in  The  Design  and  Operation  of  Steam 
Power  Plants,"  R.  J.  S.  Pigott,  Journal  Amer.  Soc.  of  Mechanical 
Engineers,  Dec,  1916. 

''* Motor  Drive  for  Operating  Steel  Rolling  Mill,"  William  Knight,  Elec- 
trical World,  Sept.  30,  1916. 

"** Graphical  Solution  of  Illumination  Problems,"  N.  S.  Dickinson,  Elec- 
trical World,  August  17.  1918. 
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'^ Chart  for  Calculating  Hoisting  Ropes,"  The  Engineering  and  Mining 
Journal,  March  22,  1913. 

/'Charts  for  Estimating  the  Strength  of  Bolts,"  William  F.  Fisher, 
Power,  Jan.  11,  1916. 

^'Charts  for  the  Design  of  Helical  Springs,"  M.  M.  BTayton,  American 
Machinist,  June  13,  1913. 

' '  Charts  for  Broach  Design, "  L.  A.  Williams,  American  Machinist,  April 
19,  1917. 

''Calculating  Ratings  for  Elevator  Motors,"  Electrical  World,  June  30, 
1917. 

"Data  for  Bulkhead  Construction,"  F.  K.  Ruprecht,  International  Ma- 
rine Engineering,  July,  1917. 

"Economic  Conduit  Location,"  Engineering  Record,  Jan.  17,  1914. 

"Economical  Section  of  Water  Conduit  for  Power  Development,"  Gary 
T.  Hutchinson,  Mechanical  Engineering,  April,  1919. 

"Mass  Diagram  for  Power  and  Water-supply  Computations,"  W.  L. 
Butcher,  Engineering  News,  Aug.  24,  1916. 

"An  Additive  Method  of  Determining  Storm  Water  Run-off,"  Engineer- 
ing Record,  March  6,  1909. 

"Design  Charts  for  Open  Flumes  with  Catenary  Section,"  Ernest  L. 
Robinson,  Engineering  News,  March  23,  1916. 

"Designing  Steel  Pipe  for  Minimum  Weight  of  Metal  Consistent  with 
Safety,"  E.  R.  Bowen,  Engineering  Record,  Dec.  20,  1913. 

"Selection  of  Stacks  and  Breechings,"  B.  S.  Nelson,  Power,  March  31, 
1914. 

"Chart  for  Proportioning  Trunk  Main  Systems,"  M.  William  Ehrlich, 
Metul  Worker,  February  16,  1917. 

"Determining  Gas-Passage  Areas,"  William  Carl  Stripe,  Power,  July  31, 
1917. 

"Flow  of  Steam  in  Pipes,"  D.  E.  Foster,  Power,  March  17,  1914. 

"Size  of  Steam  Pipes  from  Chart,"  W.  L.  Durand,  Power,  January  6, 
1914. 

"Capitalized  Value  of  One-tenth  of  an  Inch  of  Vacuum,"  C.  H.  Baker, 
Power,  Dec.  9,  1917. 

"Reciprocating  Parts,"  Hubert  L.  Watson,  Machinery,  August,  1916. 

"Useful  Diagrams  for  Computing  Sizes  of  Cross-Compound  Pumping 
Engines,"  Electrical  World,  Oct.  14,  1916. 

"Visits  of  Inspector  Brown — XXIV  (Safe  working  pressure  of  Boil- 
ers)," J.  E.  Terman,  Power,  March  13,  1917. 

"Diagrams  Facilitate  Design  of  Office  Building  and  Mill  Building 
Columns  Under  Eccentric  Loads,"  W.  S.  Wolf,  Engineering  News- 
Record,  June  28,  1917. 

"Diagrams  for  Reinforced  Concrete  Beams,"  H.  0.  Schermerhom,  Engi- 
neering Record,  March  6,  1909. 

"Design  of  Solenoids  and  Plunger  Magnets,"  George  L.  Hedges,  Elec- 
trical World,  Oct.  20,  1917. 

"Importance  of  Flexibility  of  Boiler  Control,"  Victor  B.  Phillips,  Elec- 
trical World,  Oct.  20,  1917. 

"New  Forms  of  Co-ordinate  Paper  and  Map  Marking  Devices,"  Indus- 
trial Management,  March,  1917. 
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' ' Nomography  I — III,"  F.  Leigh  Martineau  and  A.  Marshall  Arter, 

Automotive  Industries,  May  16,  23,  30,  1918. 
''Selecting   Economical    Type   of   Riveted   Joint   for   Steel   Pipes    and 

Stand-pipes,"    Frank    H.    Carter,    Engineering    Record,    Oct.    14, 

1916. 
''Cost  Accounting  to  Aid  Production,"  G.  Charter  Harrison,  Industrial 

Management,  April,  1919. 
*'A  Handy  Foundation  Chart  for  Gas  Engines,"  N.  G.  Near,  American 

Gas  Engineering  Journal,  August  4,  1917. 
"Estimating  Heat  Value  of  Fuel,"  Power,  June  10,  1913. 


CHAPTER  XVIII 

Miscellaneous  Uses  of  Charts 

In  this  chapter  are  grouped  several  examples  of  charts  made  and  used 
for  a  variety  of  purposes  not  included  in  the  preceding  pages. 

Corrections  for  Sag  in  Long  Steel  Tapes.  The  following,  by  W.  H. 
Rayner,  is  from  Engineering  and  Mining  Journal,  August  11,  1917: 

In  Fig.  1  are  given  the  corrections  for  sag  under  various  conditions  of 
weight,  pull  and  length,  for  tapes  from  100  to  500  ft.  in  length.  In  this 
diagram  use  has  been  made  of  the  nomograph  to  deal  with  the  four 
variables  involved.  For  any  given  tape  the  weight  is  a  constant,  hence 
the  relation  between  weight  and  pull  may  be  expressed  as  a  ratio  which 

W 
becomes  one  variable  —  in  the  nomograph.     The  units  for  the  different 

P 
quantities  are  shown  on  their  corresponding  ordinate  lines  in  the  diagram. 
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Fig.   1 — Determining  Correction  for  Sag      Fig.  2 — For  Determining  Correction  for 
in  Steel  Tapes  Sag  in   Steel  Tapes  on   Slope 


The  use  of  the  nomograph  is  very  simple,  and  one  example  will  be 
given  to  illustrate  it.  A  500-ft.  tape  weighs  7  lb.,  or  1.4  lb.  per  100  ft. 
A  distance  is  measured  with  a  pull  of  20  lb.  where  the  unsupported  length 
is  375  ft.     What  is  the  correction  for  sag  in  this  case  ?     Solution :     The 


/¥/ 
ratio  of  weight  per  100  ft.  to  pull  I  — 

\  P 

The  unsupported  length  L  is  375  ft. 
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1.4 
equals  —  or  seventy  hundredths. 

20 
Place  a  straight-edge  across  the 
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nomograph  to  intersect  these  two  quantities  on  their  corresponding 
ordinate  axes,  and  the  middle  ordinate  is  intersected  at  a  point  which 
reads  1.08  as  the  correction  due  to  sag  alone. 

The  effect  of  slope  on  sag  corrections  is  shown  in  Fig.  2.  This  curve 
has  been  prepared  from  data  given  by  E.  V.  Huntington  and  shows  the 
percentage  of  maximum  correction  for  the  various  slopes.  For  example, 
suppose  that  the  above  measurement  had  been  made  on  a  20°  slope. 
From  the  curve  it  is  seen  that  the  correction  for  sag  on  a  20°  slope  is 
91%  of  the  maximum  and  accordingly  the  final  correction  due  to  sag. 
is  91%  of  1.08  ft.  or  0.98  ft. 

It  is  possible  that  some  engineers  in  the  field  would  like  to  make  use 
of  such  a  diagram  to  a  larger  scale;  hence,  the  following  directions  are 
given.  First,  construct  three  vertical  lines  (ordinate  axes),  which  we 
may  consider  as  being  numbered  y^,  ijz  and  y^  from  left  to  right.     The 
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Feet  by  Hundreds. 
Fig.  3 — Stadia  Eeduction 
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intervals  i/i  to  y^  and  y^  to  t/g  must  be  in  the  exact  ratio  of  3.6  to  6. 
Second,  plot  to  any  scale  and  beginning  at  any  point  on  y^  the  logarithms 
of  the  numbers  40  to  170,  and  to  the  same  scale  beginning  at  any  point 
on  i/a  plot  the  logarithms  of  numbers  from  100  to  500.  This  means  that 
the  linear  distance  from  100  to  170  on  y^  must  be  exactly  the  same  as  the 
distance   from   100   to   170   on    y^.     Third,    solve   the    given    equation, 

Cg  = for  a  number  of  selected  conditions  to  give  values  of  the  cor- 

24  p2 

rection  which  will  be  evenly  distributed  over  the  ordinate  y^.    Fourth, 
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subdivide  this  ordinate  to  any  further  degree  desired  and  number  the 
scale  accordingly. 

Stadia  Corrections.  Mining  and  Scientific  Press,  August  25,  1917, 
published  the  following  by  Earl  Glass : 

Fig.  3  may  be  used  for  computing  horizontal  distances  from  stadia- 
readings  and  observed  angles  of  inclination,  the  curves  giving  the  cor- 
rection to  be  subtracted.  The  horizontal  distance  of  the  observation  will 
be  found  at  the  lower  edge  of  the  chart,  and  the  degrees  of  inclination  of 
the  angles  of  elevation  or  depression  appear  at  the  left.  Find  the  inter- 
section of  these  two  lines,  and  follow  the  curve  from  this  point  of  inter- 
section to  the  right-hand  edge  of  the  chart  where  the  correction  will  be 
figure  found  on  the  margin.  Thus,  for  a  stadia-reading  of  100  ft.,  and 
an  angle  of  inclination  of  8°,  the  correction  is  2  ft.,  and  the  horizontal 
distance  is  the  difference  between  the  reading  and  the  correction,  or  98  ft. 
For  a  stadia-reading  of  250  ft.  and  an  angle  of  3°  40  ft.,  the  correction 
is  1  ft.,  and  the  horizontal  distance  is  249  ft. 

Designing,  Drawing,  etc.  The  following,  from  an  article  by  R.  T. 
Dana,  published  in  Engineering  News-Record,  October  25,  1917,  de- 
scribes some  uses  to  which  rectilinear  charts  have  been  put : 

The  use  of  a  standard  cross-section  paper  for  the  plotting  of  curves 
which  were  to  be  blueprinted  was  found  to  be  so  convenient  for  other 
uses  that  in  the  writer 's  office  it  has  practically  supplanted  other  methods, 
except  for  maps  and  plans  of  large  structures  on  which  many  of  the 
details,  such  as  rivet  spacing,  etc.,  require  the  use  of  extensive  sheets. 
The  success  obtained  resulted  in  the  development  of  a  set  of  methods, 
employing  a  specially  ruled  paper  for  nearly  all  of  the  work  for  which, 
previously,  the  ordinary  kind  of  tracing  cloth,  cross-section  sheets  and 
profile  rolls  have  been  employed. 

The  principal  objections  to  the  use  of  tracing  cloth  are  that  it  turns 
opaque  with  age,  and  stretches  unequally  in  various  directions.  Some- 
times this  stretching  is  considerable,  and  will  vary  with  the  weather. 
Furthermore  it  is  ruined  by  water,  so  that  if  left  by  an  open  window,  in 
a  damp  atmosphere,  or  over  a  radiator  from  which  the  steam  is  escaping, 
an  expensive  drawing  may  easily  be  spoiled. 

Nor  can  it  be  satisfactorily  used  in  a  typewriter.  Since  it  is  easily 
cracked,  it  cannot  be  folded  without  injury,  and  hence  is  not  conveniently 
portable.  The  small  red  ants,  which  infest  the  foundations  and  walls  of 
buildings  in  hot  climates,  eat  holes  in  the  paper  in  endeavoring  to  get  the 
sizing.  Where  these  ants  are  present  it  is  not  safe  to  leave  a  tracing  on 
the  drawing  table  overnight. 

Another  objection  to  the  usual  systems  lies  in  the  fact  that  small 
tracings  are  of  a  good  many  different  sizes,  and  are  difficult  to  file 
satisfactorily.  They  must  be  kept  flat  and,  when  filed  in  large  envelopes 
or  folded  in  a  sheet  of  heavy  paper,  are  not  readily  at  hand  when  wanted. 
They  often  become  turned  around  in  the  drawer,  the  title  of  the  desired 
sheet  is  seldom  where  one  expects  to  find  it;  and  consequently  a  certain 
amount  of  time  is  lost.  ' 

The  ordinary  cross-section  sheets  which  are  ruled  to  tenths  of  an  inch 
have  been  found  to  have  the  following  objections:  (1)  The  paper  is  so 
thick  that  they  cannot  be  satisfactorily  blueprinted.  (2)  They  are  of 
an  inconvenient  size — too  large  for  the  letter  file  and  too  small  for  the 
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map  file.  (3)  They  are  too  stiff  to  lie  flat  and  are  constantly  curling. 
(4)  The  ruling  is  not  convenient  for  the  listing  of  tabular  data  on  the 
same  sheet  with  the  cross-sections,  the  lines  being  so 


close   together 


i9»^f0^3 


Fig.  4 

(Mo  in.)  as  to  offer  no  guide  for  any  but  the  smallest  figures,  whereas  the 
inch  lines  are  either  too  near  together  or  too  far  apart  to  be  used  as 
column   rulings.     (5)  The   sheets   cannot   be   satisfactorily    folded   on 
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account  of  their  thickness  and  stiffness,  and  when  rolled  for  the  sake  of 
portability  they  acquire  the  rolling  habit  and  object  to  lying  flat  ever 
after.  (6)  The  use  of  a  scale  of  10  ft.  =  1  in.  for  plotting  cross-sections 
is  not  satisfactory,  since  the  eye  does  not  accurately  interpolate  between 
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Fig.  5 

the  %0-in.  lines;  consequently  the  plotting  is  actually  accurate  to  the 
nearest  %oo-in.,  ordinarily  representing  %o  of  a  foot.  The  same  degree  of 
accuracy  in  plotting  can  be  accomplished  on  a  paper  ruled  to  about  half 
this  scale. 
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In  the  case  of  proiile  paper  we  found  that  for  most  purposes  there  were 
the  following  objections:  (1)  It  cannot  be  blueprinted  unless  tissue 
papers  are  used,  and  these  are  easily  destroyed  by  careless  handling,  or 
even  by  heavy  gusts  of  wind  when  they  are  not  properly  tacked  down  to 


Fig.  6 


the  drawing  paper.  (2)  It  does  not  take  erasure  well.  (3)  The  hori- 
zontal spacing  of  the  heavy  lines  (4  in.)  is  inconveniently  great  for  the 
plotting  of  100  ft.  stations,  and  the  Mo-in.  space  is  a  little  too  small  for  the 
same  purpose  where  two  or  more  pluses  must  be  entered  between  two  100- 
ft.  stations.     The  approximate  location  of  the  pluses  cannot  be  marked 
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closer  than  to  the  nearest  10  or  15  ft.  except  with  the  use  of  a  scale,  which 
involves  a  serious  waste  of  time.  (4)  The  vertical  spacing  is  usually  not 
convenient,  the  heavy  lines  indicating  feet  or  10  ft.,  etc.,  and  the  light 
ones  feet,  or  %  ft.  To  obtain  greater  precision  than  Mo  ft.,  a  scale  of  1  ft. 
per  in.  must  be  used,  involving  a  value  for  the  smallest  space  of  ^/^s  ft., 
which  is  neither  necessary  nor  convenient.  (5)  The  profiles  when  rolled 
up  are  most  inconvenient  to  carry  about,  and  they  occupy  a  very  large 
space  in  the  files,  due  largely  to  their  shape.  (6)  In  making  use  of  them 
much  time  is  lost,  rolling  them  back  from  end  to  end  to  find  the  point 
wanted  where  the  profiles  cover  a  considerable  length  of  line. 

The  inconveniences  mentioned  before  came  to  mind  with  such  monoton- 
ous regularity  that  after  a  number  of  years  it  was  decided  to  experiment 
with  sheets  of  paper  8^/^  in.  wide  by  11  in.  long — the  size  of  a  standard 
letter  head — punched  in  the  left-hand  margin  for  filing  in  a  loose-leaf 
book,  and  ruled  to  %o-in.  with  every  fifth  line  heavy  and  every  tenth  line 
extra  heavy. 

In  making  detail  sketches  dimensions  are  furnished  by  the  lines  on  the 
paper  instead  of  by  drawing  lines  and  marking  out  points  with  a  scale 
as  when  sketchi^ig  on  blank  sheets.  Sketches  can  be  made  in  this  manner 
very  much  more  rapidly,  and  with  the  same  degree  of  accuracy,  as  in  the 
old  way. 

The  record  thus  made  on  a  durable  grade  of  paper  is  as  nearly  perma- 
nent as  anything  of  this  sort  can  be.  It  will  probably  be  as  fresh  and 
clear  and  legible  fifty  years  hence  as  the  day  after  it  was  made.  The 
sheets  may  be  filed  in  a  standard  letter  file  with  the  papers  belonging  to 
their  particular  piece  of  work,  or  they  may  be  filed  in  loose-leaf  books  or 
bound  in  permanent  form  with  special  binders.  All  these  methods  have 
been  used  interchangeably. 

For  use  as  cross-section  paper  these  sheets,  containing  an  area  of 
30,000  sq.  ft.  on  a  ^/^oth  scale,  are  sufficiently  accurate  for  most  purposes, 
and  can  be  plotted  to  the  nearest  0,2  ft. 

For  surveys  involving  a  very  large  number  of  sections  it  has  been 
suggested  that  blueprints  from  these  sheets  on  thick  paper  be  used, 
determining  the  areas  by  cutting  out  the  sections  and  weighing  each  on  a 
chemical  balance.  Cross-section  paper  is  sometimes  objected  to  for 
plotting  sections  which  are  to  be  planimetered,  as  its  shrinkage  necessi- 
tates a  planimeter  setting  that  is  difficult  to  determine.  Where  the 
weighing  method  is  employed  shrinkage  is  of  no  importance  as  the  section 
is  to  be  compared  by  weight  to  a  unit  section  which  has  shrunk  uni- 
formly. 

For  use  as  profile  paper  these  plates  have  been  entirely  satisfactory, 
each  sheet  running  for  20  stations  horizontally  and  for  150  vertically 
to  an  accuracy  of  0.2  ft.  or  15  ft.  vertically  with  an  accuracy  of  0.02  ft. 
When  so  used  it  has  the  advantage  that  mass  diagrams  and  cross-sections 
can  be  placed  on  the  same  sheet,  together  with  the  tabular  data  accom- 
panying the  latter. 

This  paper  has  been  used  a  great  deal  for  progress  diagrams,  for  which 
a  31-day  month  may  be  listed  the  short  way  of  the  paper,  reading  ver- 
tically when  these  sheets  are  filed  in  a  loose-leaf  book,  and  allowing  a 
range  for  plotting  of  from  0  to  20  or  any  multiple  thereof. 

The  original  purpose  for  which  the  paper  was  designed  was  the  plot- 
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ting  of  curves,  and  for  this  the  ^/^o-in.  ruling  has  turned  out  to  be  very 
well  adapted,  since  across  the  paper  it  runs  from  0  to  150  and  length- 
wise from  0  to  200,  thus  giving  a  range  sufficiently  great  for  almost  any 
kind  of  work. 

One  of  the  most  convenient  uses  of  the  paper,  and  perhaps  the  last  one 
which  ordinarily  would  suggest  itself,  is  for  stress  diagrams  and  equi- 
librium polygons  in  graphical  statics.  It  would  appear  that  small  dia- 
grams on  this  paper  could  not  be  made  to  sufficiently  great  precision  to 
give  a  satisfactory  check,  but  experience  with  it  has  shown  that  this  is  not 
the  case.  If  the  points  are  set  with  care,  and  the  parallel  lines  ruled 
with  a  pair  of  small  but  accurate  triangles  and  a  wedge-pointed  pencil, 
the  resultant  precision  of  the  work  is  remarkable.  It  is  entirely  possible 
to  obtain  results  within  ^5  of  1%,  which  is  satisfactory  for  most  purposes. 
Very  long  lines  on  tracing  cloth  will  be  found  not  to  be  as  accurate  as 
they  appear. 

A  convenient  size  of  the  equilibrium  polygon  is  half  the  length  of 
the  paper  or  1,000  divisions.  Working  to  one-fifth  of  one  division  for 
half  of  this  length  gives  an  average  error  of  one  in  five  thousand.  This  is 
very  much  smaller  than  the  error  in  the  setting  of  the  rolls  for  the  manu- 
facture of  structural  steel  shapes,  and  therefore  any  greater  degree  of 
refinement  than  this  is  a  bit  ridiculous. 

The  paper  is  used  very  largely  in  computing  and  tabulating  figures,  as 
will  be  noted  by  reference  to  Figs.  4,  5  and  6  which  have  been-  taken  more 
or  less  at  random  from  the  files  of  this  office.  It  is  often  convenient  to 
typewrite  titles  and  notes  on  this  paper  rather  than  taking  the  trouble  to 
letter  them  on  freehand.  When  this  is  done,  a  piece  of  carbon  paper 
placed  underneath  the  section  paper  with  the  carbon  side  up  will  so 
strengthen  the  imprint  of  the  type  that  most  excellent  blueprints  are 
obtained. 

A  curious  feature  of  this  paper  is  that  it  can  be  used  as  a  protractor, 
and  is  more  accurate  than  the  ordinary  paper  protractors  on  the  market. 

Use  of  Rectilinear  Chart  in  Mechanical  Drawing.  What  follows  is 
from  an  article  by  Clarence  E.  Howell,  published  in  Industrial  Arts 
Magazine,  May,  1919. 

In  mechanical  drawing  it  is  possible  for  a  student  to  make  a  most  excel- 
lent and  commendable  drawing,  so  far  as  the  finished  product  is  con- 
cerned, without  really  knowing  very  much  about  what  he  has  accom- 
plished or  how  he  has  done  it. 

It  is,  therefore,  essential  that  we  should  know  whether  the  student  is 
really  securing  a  definite,  usable  understanding  of  the  problems  pre- 
sented, or  whether  he  is  merely  becoming  an  expert  copyist.  Many  a 
student  seems  perfectly  clear  on  the  points  presented  at  the  time  of  the 
demonstration,  and  can  go  through  the  entire  problem  with  facility,  but 
a  few  days  or  a  few  weeks  later  when  he  meets  the  same  problem  in  class 
work  or  in  a  test,  he  falls  down  completely  on  it.  Such  lapses  in  essential 
knowledge,  occurring  habitually  and  among  a  wide  diversity  of  students, 
can  constitute  nothing  less  than  a  severe  criticism  of  our  teaching  meth- 
ods. Often  the  things  forgotten  are  the  very  ones  the  student  should 
know  above  all  others,  indeed  must  know,  if  he  is  to  carry  away  a  usable 
knowledge  from  his  school  work. 

The  only  plausible  reason  for  these  apparently  complete  lapses  in 
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memory  is  either  that  the  pupil  never  really  understood  the  problem  in 
the  first  place,  or  else  that  he  was  not  drilled  upon  it  sufficiently  to  im- 
press it  indelibly  upon  his  mind. 

The  ordinary  method  of  school  drawing  does  not  provide  either  a 
quick  and  economical  way  for  testing  the  ground-knowledge  of  theory 
beneath  the  delineation,  or  a  convenient  and  easy  scheme  for  drill  in  this 
theory. 
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Fig.  7 — Typical  Supplementary  Problem 


The  following  plan,  worked  out  to  meet  this  situation,  has  been  used 
successfully  in  actual  classroom  practice.  This  plan  contemplates  a 
series  of  short,  rapid  repetitions  of  essential  problems  connected  with  the 
regular  drawing  work,  and  is  based  upon  the  supposition  that,  in  this 
instance,  accuracy  and  appearance  may  be  made  secondary  to  speed  and 
results. 

Problems,  Figs.  7  and  8,  such  as  these  should  be  introduced  into  odd 
moments  of  the  regular  class  periods,  to  be  worked  out  by  the  students 
with  pencil,  triangles,  scale  and  compass,  on  8  in.  x  11  in.  sheets  of  cheap 
grade  ^/^-in.  cross-section  paper,  without  the  aid  of  the  tee  square.  The 
paper  should  not  be  tacked  to  the  drawing  board,  and  the  section  lines  of 
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the  graph  paper  should  be  used  as  guide  lines  whenever  possible.  By 
.these  methods  a  good  deal  may  be  accomplished  in  a  very  few  minutes, 
provided  the  pupil  really  knows  what  he  is  about.  If  he  does  not,  this 
type  of  work  will  soon  show  it,  and  his  case  can  then  be  given  the  indi- 
vidual coaching  which  it  demands.  Assurance  that  practically  every 
member  of  the  class  knows  the  theory,  its  use,  and  its  application  under 
varying  conditions,  may  be  obtained  by  repeating  different  applications 
of  the  same  problem  for  successive  days.     The  pupils  may  work  on  their 
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Fig.  8 — One  of  the  Problems 


own  desks  without  in  any  way  disturbing  their  regular  drawings.  They 
can  resume  the  latter  the  minute  they  have  finished  the  special  problem 
without  waiting  for  the  teacher  to  reach  them.  Thus  those  who  solve  the 
problem  easily  can  go  on  without  waiting  for  the  slow  ones. 

Excellent  training  will  result  from  the  placing  and  determining  of 
various  views  with  reference  to  the  size  of  the  paper,  and  to  the  H  and 
the  V  Planes.  It  will  be  well,  therefore,  to  emphasize  this  by  leaving 
the  locations  and  the  sizes  optional  in  as  many  cases  as  possible. 

Several  semesters'  trial  showed  that  a  much  more  usable  type  of  in- 
struction was  being  created  than  under  the  old  system  where  the  stress 


MISCELLANEOUS  USES  OF  CHARTS 


519 


was  put  on  absolutely  accurate,  finished  work  to  the  exclusion  of  the 
fundamentals  of  theory. 

Mapping.  The  use  of  Polar  Charts  for  military  mapping  is  described 
by  Major  E.  F.  Robinson  on  page  265  of  his  book,  "Military  Prepared- 
ness and  the  Engineer,"  as  follows: 

Machine  gun  companies  and  troops  are  now  equipped  with  a  self-con- 
tained range  finder,  consisting  of  a  tube  about  3  ft.  long  and  4  in.  in 
diam.,  mounted  at  its  center  upon  a  light  tripod.  In  one  side,  near  the 
ends,  are  two  windows,  containing  prisms.  These  refract  the  fields  of 
view  to  the  center,  where  they  are  seen  superimposed  through  an  eye- 
piece in  the  center  of  one  side,  opposite  the  objective  windows.     An  ad- 


Fig.  10 — Speeds  Up  Interpolation — ^Increases  Accuracy 

justing  roller  controls  the  angle  of  the  end  prisms,  and  consequently  the 
position  of  the  images  in  front  of  the  eye-piece.  A  sliding  scale  is  actu- 
ated by  the  same  roller.  When  the  two  images,  one  from  each  end  prism; 
appear  in  conjunction,  the  range  may  be  read  upon  the  scale.  An  accu- 
racy of  0.5%  may  be  attained  with  this  three-foot  base  up  to  1,500  yds. 
or  more. 

The  use  of  this  instrument  for  topographical  work  was  first  suggested 
to  the  writer  by  an  infantry  officer  of  the  regular  service.  Upon  inves- 
tigating, it  was  found  to  be  feasible  for  very  rapid  work  in  a  level  coun- 
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try.  The  observer  takes  his  post  upon  a  building  or  other  elevated 
point,  reads  distances  by  the  range  finder  and  directions  by  a  prismatic 
compass.  It  is  simply  the  stadia  method  without  the  rodman.  The  use 
of  polar  co-ordinate  paper,  as  shown  in  Fig.  9,  is  a  great  aid  to  rapid 
plotting. 

Plotting  Stadia  Notes.  Chas.  R.  Thomas  is  author  of  the  following, 
published  in  Engineering  News-Record,  June  28,  1917 : 

By  plotting  stadia  notes  on  separate  sheets  such  as  are  shown  in 
Fig.  10  and  tracing  the  finished  map  from  these  sheets,  the  cost  of  plot- 
ting stadia  notes  has  been  materially  reduced  and  the  speed  almost 
doubled.  Plotting  topography  by  this  method  becomes  independent  of 
drafting-room  equipments,  a  lead  pencil  being  the  only  tool  required. 

The  method  of  procedure  is  to  sketch  the  topography  in  heavy  pencil 
lines  and  either  paste  the  sheets  together  for  the  draftsman  or  send  them 
to  him  separately.  The  sheets  are  placed  under  the  tracing  cloth,  and 
the  finished  tracing  is  made  directly  from  them.  The  paper  used  for 
ordinary  work  is  S^^  x  11  in.  in  size.  Using  a  scale- of  100  ft.  to  the  inch, 
a  length  of  1,000  ft.  and  a  width  of  600  ft.  of  topography  may  be  plotted 
on  each  sheet.  Topography  may  be  plotted  by  surveyors  on  rainy  days, 
either  in  the  field  or  in  the  office,  several  men  working  independently  on 
separate  parts  of  the  notes.  It  is  remarkable  how  much  the  use  of  a  grad- 
uated paper  speeds  up  the  interpolation  of  contours  and  increases  the 
accuracy  df  scaling. 

Reconnaissance  Mapping.  Fig.  11  and  the  following  short  quotation 
from  an  article  in  Engineering  and  Contracting,  April  29,  1914,  show 
how  admirably  decimal  rectilinear  charts  may  be  adapted  to  preliminary 
survey  work. 

In  mapping  the  reconnaissance  work  the  drawings  were  made  to  con- 
form as  nearly  as  possible  to  the  working  plans  for  the  finished  road. 
By  doing  this  they  showed  the  more  essential  features,  such  as  profile, 
alignment  and  drainage  of  the  road,  and  were  more  easily  handled  by 
the  officials  to  whom  they  were  submitted. 

A  fair  sample  of  this  portion  of  the  work  is  shown  in  Figure  11 — a 
portion  of  the  reconnaissance  made  in  Clare  county.  The  small  sketch 
shows  the  routes  followed.  In  this  county  there  were  several  different 
roads  which  could  be  taken  and  used  as  a  portion  of  the  trunk  line 
highway.  The  heavy  line  shows  the  one  in  preference.  These  maps 
were  drawn  to  such  a  scale  (1,000  ft.  to  an  inch)  that  ten  miles  of  road 
could  be  conveniently  placed  on  a  sheet  20  x  36  ins.  in  size.  The  width 
of  the  road  was  exaggerated  in  order  that  such  things  as  cuts,  fills, 
ditches,  etc.,  occurring  within  the  limits  of  the  road  could  be  shown 
clearly.  All  information  gathered  was  placed  on,  or  adjacent  to,  the 
plan  of  the  road  except  the  profile,  which  was  shown  below. 

Zones.  Polar  charts  are  especially  useful  for  mapping  of  zones, 
such  as  fare  zones  with  respect  to  a  central  point,  residence  zones,  popula- 
tion density  zones,  etc.  An  example  is  shown  in  Fig.  12,  taken  from 
Electric  Railway  Journal,  which  gives  the  rush  hour  passenger  traffic 
outbound  from  the  one-mile  zone,  the  width  of  the  black  lines  showing 
relative  number  of  passengers  carried. 

Chart  of  Angles.  Fig.  13  by  H.  Hodgkinson,  printed  in  American 
Machinist,  January  16,  1919,  shows  a  use  for  polar  paper  which  would 
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obviate  the  necessity  of  repeated  reference  to  tables  by  those  who  had 
reason  to  use  these  data  frequently. 

Notations.  The  following  is  from  System,  the  magazine  of  Busi- 
ness, April,  1918.     See  Fig.  14. 

*' Salary  increases,"  says  one  manager,  ''are  in  my  estimation  about  as 
good  an  indication  as  I  can  have  of  an  employee 's  ability.  I  take  up  the 
subject  of  salary  increases  every  six  months,  and  give  raises  wherever 
they  seem  to  be  justified.  And  I  keep  a  simple,  graphic  record  that  lets 
me  know  if  any  employee  is  not  going  ahead  as  he  should. ' ' 


Sin  X>£7IS    Tan. 06749    Seel  0030 


Sin.jrieS    Tan.nezi    Sec  10154 
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^      % 


Tan  B"b-t-c  Tan      C«c-*-b 

Cot  B-c  +  b  Cot      C-b+c 

Sec  B-a-^c  Sec      C  =  a*b 
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Sin  B  -b*a 

Sin  C  -  c  *a 

Cos  B-c-^a 

Cos  C  -  b  -o 


Fig.  13— A  Chart  of  Angles 


Demonstration.  One  of  the  functions  of  any  chart  might  be  said  to 
be  demonstration — to  show  how  a  collection  of  data,  a  formula,  a  series 
of  tests,  etc.,  appear  graphically — but  frequently  the  only  person  to  whom 
the  demonstration  is  given  is  the  one  who  makes  the  chart,  or  perhaps 
comparatively  few  persons.  Charts  may  be  used — in  fact,  should  be 
used  much  more  frequently  than  they  are — to  demonstrate  facts  broadly 
and  generally,  as,  for  example,  by  an  instructor  as  an  adjunct  to  his 
classroom  lectures.  A  good  example  of  the  use  of  charts  for  demonstra- 
tion is  where  a  city  is  endeavoring  to  raise  a  given  sum  of  money  for 
some  purpose — $250,000  for  new  grounds,  and  the  erection  and  mainte- 
nance of  buildings,  equipment,  etc.  for  the  Y,  M.  C.  A. — and  in  some 
prominent  place  in  the  city  a  large  clock  is  erected  having  its  dial 
divided  up  into  25  parts,  each  representing  $10,000.     Then  as  the  money 
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is  pledged  the  hands  of  the  clock  are  moved  forward,  one  showing  the  total 
to  date  and  the  other  the  largest  amount  collected  in  one  day,  or  some 
other  such  arrangement.  The  thermometer  type  of  chart  is  also  fre- 
quently seen  upon  similar  occasions,  the  ''mercury"  going  up  day  by 
day  as  new  funds  are  obtained. 

Frequently  in  government  exhibits  large  wall  charts,  usually  the  bar  or 
polar  segment  type,  are  posted  to  demonstrate  certain  comparisons,  rela- 
tive values,  etc.  The  engineer  makes  frequent  use  of  this  method  in  his 
reports  to  his  clients  as  well  as  many  accountants  and  statisticians,  but 


fig.  14.  Sample  Page  from  "Salary  Book."  Full  Line:  Actual  Course  Man's 
Salary  Has  Taken.  Dotted  Line:  Course  Manager  Would  Normally  Have  Ex- 
pected It  to  Take 

the  vast  majority,  both  individuals  and  corporations,  who  have  some  mes- 
sage, either  for  a  comparatively  few,  such  as  stockholders,  directors,  pros- 
pective clients,  etc.,  or  for  the  world  at  large,  have  not  yet  come  to  appre- 
ciate this  admirable  method  for  picturing  the  facts  they  desire  to  present 
It  is  well  recognized  by  advertising  people  that  an  illustration  or  dia- 
gram will  command  attention  when  a  sheet  full  of  printed  matter  will 
not,  and  the  endeavor  of  a  good  advertising  man  is  to  find  a  picture  that 
will  attract  and  at  the  same  time  illustrate  the  matter  of  his  ''ad."  A 
chart  picturing  the  facts  described  at  length  in  a  report  or  prospectus 
does  just  that. 

A  good  example  of  the  use  of  charts  for  this  purpose  is  given  in 
the  following  from  Engineering  and  Contracting,  January  10,  1917 : 
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Fig.   15 — Relation  of   Water  Filtration 
to  Typhoid 
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Y\^.  18 — Sources  of  Typhoid  Fever  Cases 
in  Michigan 
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Fig.  19 — ^Typhoid  in  Bay  City  and 
Michigan 
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An  expenditure  of  $837,000  for  water  works  improvements  for  the 
■city  of  Bay  City,  Mich.,  is  recommended  in  a  report  submitted  recently 
to  the  city  officials  by  Burns  &  McDonnell,  consulting  engineers,  Kansas 
City,  Mo.  The  project,  in  brief,  provides  for  the  consolidation  of  the 
two  old  water  works  plants,  both  of  which  are  using  water  without  puri- 
fication, the  installation  of  new  pumps,  the  laying  of  a  new  discharge  line 
to  the  city,  improvements  to  the  distributing  system  and  the  erection  of 
a  filtration  plant.  The  two  pumping  plants,  under  the  proposed  plan, 
would  be  consolidated  at  the  present  West  Side  station.  A  new  intake 
line  slightly  larger  than  the  old  steel  pipe  line  would  be  constructed  to 
take  water  from  Saginaw  Bay. 

The  report  of  the  engineers  was  prepared  primarily  with  the  object 
in  view  of  making  it  readable  and  understandable  by  the  average  layman 
and  voter.  Much  of  the  engineering  data  in  the  report  are  given  in  the 
form  of  graphical  diagrams,  charts,  tables,  etc. 

Stereopticon  slides  have  been  made  of  the  charts,  and  in  the  campaign 
for  the  bond  issue  for  the  improvements  it  is  proposed  to  use  them  to 
illustrate  to  the  citizens  the  need  of  water  purification  and  other  im- 
provements. It  is  planned  to  hold  public  community  center  meetings 
all  over  town  in  order  that  the  voters  may  be  well  informed  on  the  ques- 
tion, as  it  is  believed  that  only  a  lack  of  knowledge  of  the  conditions 
vrould  cause  an  adverse  vote  against  the  project. 

Several  of  the  charts  are  reproduced  herewith.  Figs.  15-19.  Fig.  18, 
showing  the  sources  of  contagion  in  over  21,000  cases  of  typhoid  occur- 
ring in  the  state  of  Michigan  during  the  period  from  1891  to  1912,  is  of 
particular  interest  in  showing  the  larger  percentage  of  sources  of  con- 
tagion from  water  supply  and  the  rather  small  percentage  due  to  milk, 
flies,  etc.  This  was  prepared  from  the  records  of  the  State  Board  of 
Health. 

Bay  City  has  had  frequent  epidemics  of  typhoid  fever,  one  occurring 
recently  with  approximately  160  cases,  with  10  deaths.  The  prevalence 
of  typhoid  is  not  surprising  when  it  is  considered  that  out  of  40  sewer 
outlets  38  discharge  into  the  river  above  one  of  the  water  works  intakes, 
one  outlet  being  only  100  ft.  from  the  intake. 

Fig.  20  was  gotten  up  before  the  present  daylight-saving  law  was 
passed  to  demonstrate  what  its  effect  would  be  upon  the  working-day. 

Reduction  in  Cost  of  Electric  Lighting  Graphically  Shown.  The 
following  is  from  Electrical  Review,  June  16,  1917,  and  is  an  excellent 
example  of  the  use  of  a  chart  for  demonstration : 

One  of  the  strong  talking  points  of  the  electric  lighting  salesman,  when 
he  is  required  to  show  economy,  is  the  steady  reduction  in  both  the  cost 
of  electrical  energy  and  the  cost  of  electric  lamps,  which  together  have 
resulted  in  a  very  marked  and  quite  steadily  rising  increase  in  the 
amount  of  light  obtainable  for  a  dollar  or  a  cent,  whichever  unit  is 
chosen.  Such  curves  have  been  used  in  the  publicity  work  of  various 
central  stations  as  well  as  lamp  and  fixture-equipment  companies,  but 
probably  have  never  been  shown  as  a  complete  and  self-contained  set  of 
curves  as  that  illustrated  herewith.  Fig.  21.  It  has  been  prepared  by 
the  National  Lamp  Works  of  General  Electric  Company,  Cleveland,  0. 

This  chart  is  described  as  a  photostat  or  composition  curve,  which 
shows  at  a  glance  valuable  data  that  otherwise  would  require  numerous 
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and  rather  intricate  tables.  Curve  A  shows  the  cost  of  energy  plotted  in 
cents  per  kilowatt-hour  according  to  scale  shown  at  the  extreme  right  end 
of  the  sheet.     In  curve  B  the  same  data  are  given  for  the  special  con- 
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Fig.  20 

ditions  obtaining  in  the  city  of  Chicago.  Curve  C  shows  the  changes  in 
list  prices  of  lamps,  which  have  been  considered  as  standards.  Between 
1907  and  1008  there  is  a  break  in  the  curve,  due  to  a  change  from  the  use 
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of  the  50-watt  Gem  lamps,  common  to  that  time,  to  the  40-watt  Mazda 
lamps,  which  replace  the  older  units.  The  portion  of  the  curve  cover- 
ing the  use  of  the  Mazda  lamps  has  therefore  been  specially  labeled  as 
Curve  C^.     It  really  is  an  extension  of  the  broken  curve  C. 

The  curve  obtained  based  on  these  two  curves  is  the  heavy  curve  shown 
as  D.  This  gives  the  spherical  candle-power-hours  obtained  for  one  cent, 
in  accordance  with  the  scale  at  the  left  edge  of  the  sheet.  The  spherical 
candle-hours  available  are  based  on  the  cost  of  operation  of  the  particular 
lamp  that  might  be  considered  standard  during  the  corresponding  year. 

Comparison  of  Fare  Schedules.  From  Electric  Railway  Journal, 
August  11,  1917,  is  taken  the  following  with  respect  to  hearings  upon  an 
increase  in  fares  for  the  Boston  &  Worcester  Street  Railway.  This  is 
another  demonstration  chart. 

The  company  presented  a  chart,  Fig.  22,  showing  in  graphic  form  the 
tariffs  existing  between  all  fare  points  on  the  basis  of  the  present  and  the 
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Fig.  21 


proposed  fares.  Under  the  proposed  schedule  there  will  be  twenty-nine 
fare  points  on  the  main  line  in  the  31.15-mile  trip  from  Chestnut  Hill 
to  the  terminus  in  Shrewsbury.  These  will  be  twenty-nine  6-cent  min- 
imum rides.  At  present  there  are  twenty-three  6-cent  and  six  12-cent 
minimum  fares  on  the  main  line  between  the  points  mentioned.  The 
new  schedule  shows  many  reductions  in  fare  as  well  as  increases,  for  the 
company  plans  to  equalize  the  rates  and  the  distances  to  which  they 
apply. 

Elecric  Car  vs.  Jitney  Operation.  What  follows  is  from  an  article 
in  Electric  Railway  Journal,  December  11,  1915,  and  shows  the  use  of  a 
chart  for  demonstration  purposes  by  a  railway  company  before  the 
city  council: 

The  data  contained  in  Fig.  23  were  submitted  before  the  council  by  the 
railway  company,  the  record  of  the  number  of  cars  in  operation  being 
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submitted  to  show  that  the  street  railway  company  had  not  been  able  to 
decrease  its  service  notwithstanding  the  jitney's  spasmodic  inroads  into 
its  gross  receipts. 

Growth  of  a  Company.  The  following,  from  Electrical  World,  June 
9,  1919,  illustrates  a  chart  used  for  demonstration  purposes  by  a  com- 
pany to  its  stockholders. 

A  ten-year  review  dealing  with  the  present  status  and  prospects  of 
the  Consolidated  Gas,  Electric  Light  &  Power  Company  of  Baltimore  has 
been  issued  to  shareholders,  with  a  letter  from  President  Herbert  A. 
Wagner.     See  Fig.  24. 
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Fig.  22 — Showing  Inequalities  of  Present  6-Cent  Fare  Compared 
with  Proposed  6-Cent  Fare 

Cost  of  Living.  The  following,  froni  Gas  Age,  July  2,  1917,  shows 
another  use  for  a  demonstration  chart. 

The  increasing  price  for  living  necessities  has  become  a  very  real  issue 
and  when  the  City  of  Duluth  Water  and  Light  Department  issued  its 
annual  report  it  included  a  chart.  Fig.  25,  which  illustrated  to  the  people 
of  that  city  how  the  cost  of  water  and  gas  had  gone  down  while  other 
necessities  had  been  skyrocketing. 

Conversion  Chart.  For  one  who  has  constant  use  for  the  metric  and 
U.  S.  systems  of  linear  measurement  a  conversion  chart  may  be  made 
from  a  strip  of  millimeter  paper  and  a  strip  of  20  divisions  per  inch  or 
16  divisions  per  inch  for  decimal  or  non-decimal  conversion.     See  Fig.  26. 

Integration.  Cross-section  paper  presents  a  means  for  roughly  de- 
termining the  areas  of  irregular  figures.  Either  one  of  two  methods  may 
be  used  with  equally  accurate  results.  1.  Erect  ordinates  equally  spaced 
cutting  the  bounding  lines  of' the  figure.  Between  them  draw  horizontal 
lines  cutting  the  bounding  line  in  such  a  way  that  the  area  above  the 
bounding  line  and  the  horizontal  is  equal  to  the  area  below  the  bounding 
line  and  the  horizontal.     Then,  the  area  of  the  irregular  figure  is  the  sum 
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of  the  areas  of  the  rectangles  formed  by  the  ordinates  and  horizontals. 
This  would  be  the  sum  of  the  heights  of  the  rectangles  multiplied  by  the 
distance  apart  that  they  are.  2.  Draw  the  irregular  figure  on  cross- 
section  paper.  Count  the  number  of  cross-section  paper  squares  within 
the  bounding  line  of  the  irregular  figure.     Estimate  the  fractional  parts 
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Fig.   23 — Graphic   Record  of  Jitney 
Movement 


Fig.  24 — Showing  Growth  of  Baltimore 
Company 


of  squares  cut  by  the  bounding  line,  add  these  together  and  add  their 
sum  to  the  total  above.  The  result  is  the  area  in  units  of  the  dimensions 
of  the  squares.  Of  course,  the  smaller  the  squares  the  less  chance  there 
is  for  error  in  estimating  the  fractions.  Twenty  divisions  per  inch  paper 
is  especially  well  adapted  for  this  method  of  figuring  areas. 

Cross-Section  Lines  on  Blackboards  and  their  Illumination.  Paul 
F.  Gaehr  is  authority  for  the  following  in  a  letter  to  Science,  March  14, 
1919 : 

Those  who  wish  cross-section  rulings  on  blackboards  temporarily,  thus 
leaving  the  board  free  for  other  work  after  the  curve-plotting  is  finished, 
can  do  so  by  a  simple  device.  On  a  sheet  of  white  paper  make  a  ruling 
of  lines,  2  cm.  apart,  the  whole  grid  being  16  X  24  cm.,  and  the  lines 
not  quite  one  mm.  thick.  Take  a  photograph  of  this,  making  the  camera 
image  the  size  of  a  lantern-slide.     Mount  the  negative  in  a  lantern,  pro- 

//?ches 


Fig.  26 


jecting  the  image  on  the  blackboard.  A  lantern  equipped  with  a  400- 
watt  Mazda  lamp  will  make  the  lines  sufficiently  visible  for  plotting  even 
in  a  well-lighted  room.     The  lines  are  erased  by  turning  off  the  lamp. 

The  lines  on  charts  already  ruled  could  be  inked  in  heavier  to  serve  this- 
purpose  admirably. 

Following  is  a  list  of  articles  containing  further  illustrations  of  the  use 
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of  graphic  charts  of  the  class  discussed  in  this  chapter  and  pertaining 
to  kindred  subjects. 

Upon  request,  the  Codex  Book  Company,  Inc.,  19  William  Street,  New 
York,  will  be  glad  to  procure,  where  possible,  copies  of  magazines  con- 
taining the  articles  needed,  only  charging  the  "old  magazine"  price,  plus 
postage. 

"Progress  of  Electrification  of  the  Chicago,  Milwaukee  and  St.  Paul 
Railway,"  Railway  Electrical  Engineer,  Nov.,  1915. 

"St.  Paul  Equipment,"  Electrical  Railway  Journal,  July  21,  1917. 

"Single  Fare  Zones,"  Electrical  Railway  Journal,  Aug.  5,  1916. 

* '  Standard  Railway  Property  Maps  and  Profiles  Prescribed  by  the  In- 
terstate Commerce  Commission, ' '  Engineering  and  Contracting,  March  4, 
1914. 

' '  Determining  First  Cost  of  Edison  Tube  System, ' '  Julian  Loebenstein, 
Electrical  World,  Oct.  7,  1916. 

"A  Method  of  Studying  Edison  Distribution  Systems,"  C.  E.  Bennett, 
Electrical  World,  Aug.  19,  1916. 

"Proposed  Dividend-Type  Domestic  Service  Rate,"  W.  W.  Briggs, 
Electrical  World,  Oct.  28,  1916. 

"Central-Station  Load  Curves  Changing,"  H.  S.  Knowlton,  Power, 
July  10,  1917. 

"Stable  Costs,"  Engineering  News,  July  9,  1914. 

"The  Sale  of  Current  to  Municipally  Owned  Distributing  Systems  by 
Central  Stations,"  W.  Rawson  Collier,  Electric  Review  &  Western  Elec- 
trician, Nov.  13,  1915. 

"Discrimination  in  Rates  for  Electricity,"  Henry  D.  Jackson,  Power, 
March  31,  1914. 

"Distribution  of  Employees  in  Departments  of  a  Central  Station," 
Electrical  World,  Oct.  28,  1916. 

"Appraisement  of  Small  Electric  Properties,"  Edwin  D.  Dreyfus, 
Electrical  Review  and  Western  Electrician,  March  6,  1915. 

"Measuring  Root-Mean-Square-Current,"  Electrical  Age,  April,  1917. 

"Chart  for  Converting  Avoirdupois  Pounds  Into  Short  and  Long 
Tons,"  Coal  Age,  Aug.  4,  1917. 

"War-Time  Cost  of  Power-House  Coal,"  Electric  Railway  Journal, 
Aug.  11,  1917. 

"Cost  of  Electric  Light  and  the  High  Cost  of  Living,"  Electrical  Re 
view,  Sept.  7,  1918.    • 

"Graphic  Aid  in  Figuring  Power  Bills,"  R.  W.  Parker,  Electric 
World,  June  17,  1916. 

"Co-ordinating  Power  with  Heating,"  letter  from  George  H.  Gibson, 
Power,  Oct.  2,  1917. 

"Methods  for  Figuring  Interest,"  Engineering  Record,  May  16,  1914. 

"Boiler  Horsepower  Saved  by  a  Feed- Water  Heater,"  W.  F.  Schap- 
horst.  Engineering  and  Mining  Journal,  March  24,  1917. 

"The  Loss  of  Coal  through  Grates,"  Carleton  W.  Hubbard,  Power, 
Feb.  27,  1917. 

"Making  the  Valuation  Records  Permanent,"  James  G.  Wishart,  En- 
gineering Neivs-Record,  Oct.  11,  1917. 

"City  Manager's  Chart  Convention  Program,"  Engineering  Record, 
Dec.  9,  1916. 
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''The  Miami  Valley  Flood-Protection  Work,"  Engineering  News,  Jan. 
25,  1914. 

"Devices  for  Measuring  Water  Level  in  Well  and  Discharge  of  Pump, " 
April  11,  1917. 

"Use  of  Water  Meters,"  Engineering  News-Record,  May  24,  1917. 

"Data  on  Rope  Drive  for  Rolling  Mills,  Blast  Furnace  and  Steel 
Plant,"  Aug.,  1917. 

"A  Calibration  Curve  for  Horizontal  Cylindrical  Tanks,"  Engineer- 
ing News,  April  29,  1915. 

"Chart  for  Laying  Out  Curves  by  Tangent  Offset,"  P.  R.  Keller,  En- 
gineering and  Contracting,  April  3,  1918. 

"Chart  for  Finding  Air  Consumption  of  Drills,"  Robert  S.  Lewis, 
Engineering  and  Mining  Journal,  Feb.  24,  1917. 
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Abscissas,  definition  of   9 

Accident   prevention    155,  159 

Accidents,  fatigue  and 159 

Accuracy  of  charts   6 

Accuracy  of  data  essential 54 

Advertising,  charts  for 525 

proper   time   for 101 

Alignment  charts 

5,  37,  39,  48,  374,  432,  435 

Analysis,    graphic    189,  194 

Analysis  of  food   30 

Angles,  chart  of    524 

Area  charts,  avoidance  of    56 

Areas,   determining   by  cross-section 

paper      531 

Arithmetical    computation    342 

Arithmetical    progression    13 

Artificial  light  and  egg  production.  315 

Automobile  design  and  manufacture  326 

Automobile  operating  costs    186 

Axes,  definition   9 


B. 


"Bar"  charts   11,  58,  60 

Barges,  cost  of  repairs   185 

Beams,  bending  moments    447 

rectangular     406 

reinforced  concrete   404 

steel,  defiection  of  408 

Bearings,  friction  of  lineshaft 321 

Belt  conveyors   274 

Belts,  conveyor    481 

Benefits,  employees' 153 

Blackboard  work,  chart  device  for.  .  531 

Blue  prints  of  charts 56,  57,  77,  511 

Boiler  design    455 

Boiler  efficiency   275 

Bond  and  stock  markets,  trend  of .  .  .  326 

Bonus  and  piece  work  rates.  145,  149,  153 

Bridge  construction,  progress  in.  .  .  .  241 

Bridge  floors,  concrete   445 

Bridges,  estimating  highway   503 

Building,     reinforced    concrete     fac- 
tory      181 

Buildings,  cost  of  mill 484 

Business   death-rate    327 

Buying,  chart  analysis  aid  in   98 

time   for    101 

to  prevent  over   97 


C. 


Charts,     relative     values     of     types 

of     58,  410 

Charts  that  mislead   55,     72 

Chemical   calculations    415 

Chimney  sizes 468 

Choice  of  paper    371,  410 

Circle,  plotting  equation  of   342 

Coal  cost  vs.  selling  price 216 

Collections,  keeping  tabs  on 107 

Color   of  ruling    56,     70 

Column  design    377,  449,  451,  454 

Commodities,  prices  of   326,  532 

Comparative  statistics,  use  of  semi- 
logarithmic  chart  best  for.  17,     20 
Computation,  arithmetical  and  geo- 
metrical         342 

logarithmic  paper  for    353 

Concrete  beam,  formula  for....  381,  404 

Concrete  bridge  floors    445 

Concrete,    effects    of    freezing    tem- 

peratilres     313 

Concrete '  floor  '  cost 181 

Concrete   mixtures    32 

Concrete,     reinforced,     for     factory 

buildings      181 

steel    reinforcement    183 

Conductors,   ele(3trical    477 

Construction,   cost  of  building 181 

cost  of  hydroelectric  plant 178 

dam,  powerhouse,  etc 229 

pole  line    192 

progress  in  bridge   241 

Construction  of  alignment  charts .  39,     48 

Contagion,  sources  of 527 

Conversion  chart 417,  530 

Conveyor  belt,  plies  of,  required...   481 

Conveyors,  belt    274 

Co-ordinates,  polar   26 

rectangular    8,       9 

Copper  transmission  lines    477 

Correct    relationship    best    obtained 

by  semi-logarithmic  chart.  17,     20 

Corrections  for  sag    509 

Corrections,  stadia    511 

Cost  analysis   194,  201,  205 

Cost,  direct  labor   93 

Cost  of  living  vs.  wages  159 

Costs,  manufacturing 82,  92,  194 

Cumulative  curve   8J,  92,  159 

Current  densities    477 

Curve  plotting 342 

Cutting  time,  for  determining   ....   368 


D. 


Calculations,    chemical    415      Daily  curves 84 

Census,  traffic    318       Daily  Record-Semi-logarithmic  chart     17 

Centrifugal  pumps    268      Dam  construction   229" 
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PAGE 

Daylight-saving,  demonstration  of..   528 

Death-rate,  business   327 

Demand,  keeping  in  touch  with ....      98 

prices  of  steel  reflect   327 

Demonstration  increases  production  129 
Demonstration,      typ^s      of      charts 

for      524,  532 

Design  and  manufacture,  automobile  329 

Designing     445,  511 

Dividends    81 

Dividing     a     scale     logarithmically, 

method  of    51,     52 

Drawing     511 

mechanical    616 

Dump  wagons,  train  vs.  team  drawn  316 


E. 


Earnings    194 

predicting  of    332 

Earth,  transportation  of 490 

Eccentric  loading  of  columns 449 

Economy   of   electric  lighting,  chart 

showing     529 

Efficiency,  record  of   147 

selling    107 

Egg  production  and  light 315 

Electric  car  vs.  jitney 529 

Electric  lighting,  cost  of 527 

Electric     railway     investments     vs. 

traffic   density    205 

Electric  railway  maintenance    282 

Electric  railway  transportation    . . .   284 

Electric  service,  cost  of    209 

Electrical      conductors,      economical 

size    of    476 

Electrical  machinery,  cost  of 174 

Electrical  plants   177 

Electricity,  cost  of   212 

Elimination  of   waste    83 

Employees'   benefits    153 

Employees,    prevention    of    accident 

to 155,  159 

and   wages    159 

Employment  department,  chart  rec- 
ords  for    120 

Employment  methods    121 

Engine  design    404 

Engine  frame  loads    464 

Engine   requirements,   scheduling. .  .   251 

Engine  test,  gasoline   320 

Engineering      societies,     trends     of 

meml)er8hip     331 

Equation,  plotting  an    342 

Essential  facts  to  investigate   79 

Estimates,   printing    489 

Estimating    445 

Excavation,  earth    494 

rock     ;  494 

Expenditure,     labor     material     and 

plant    241 

Experiments  and  tests,  results  of . .  .  309 
Exponent,  definition  of   12 


Factor,  definition   of    12 

Fare  schedules,  comparison  of  .....  530- 

Fatigue  and  accidents   159 

Fatigue  study    130 

Feed  water  heater,  economics  of...  173 

Filing  of  charts    511 

Floor  beams,  bending  moments   ....  447 

estimated  cost   449 

Floor    costs    181 

Floors,  concrete  bridge   445 

Flow  of  water  in  pipes     47 

Fluctuations  in  output   332 

Food  analysis   30,  426 

Formulas,  nomographic  solutions  of  374 
Formulas  to   fit  curves,  logarithmic 

paper  for  finding   363 

Freight  statistics    23 

Friction  of  lineshaft  bearings   321 

Fuel  cost  of  heat  and  power   171 

Functions  of  charts,  the  principal..  2 

Furnace  efficiency    275 

Future  traffic,  predicting   335 

G. 

Gas,  pressure  curve   342 

Gas  company  statistics   57 

Gasoline  engine  test    320 

Geometrical   computation    342 

Geometrical  progression    13 

Genexal  characteristics  of  charts...  6 

General  principles    54,  67 

Generating  plants,  cost  of 177 

Going  value    336 

Grading,  cost  of   490 

estimate  of  time  for    494 

Growth  of  company  530 

H. 

Health  records     627 

Heat  and  power,  cost  of 171 

Heater,  feed  water   173 

Hens,  artificial  light  for   315 

Highway  bridges,  estimating 503- 

Hooke's  law    309 

Horsepower,  locomotive  362 

Hotel  operating   304 

Hydraulic      formulas,      logarithmic 

charts  for   367 

Hydroelectric  plant  cost   178 

Hyperbola,  plotting  equation  of .  .  .  .  342. 

I. 

Idle  time,   reducing    162 

Impact    formula    379 

Inefficiency,   record  of    147 

Integration,  chart  method    530' 

Interpolation    349,  373,  521 

Inventories ^3 

Isometric  charts   ^  2T 
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Isometric  plotting    37 1 

J. 

Jitney  vs.  electric  car  529 

K. 

Keying  of  charts   56,  70 

Kinds  of  charts,  the  principal 4 

L. 

Labor    conditions    120 

Labor,  expense,  direct   93 

indirect      93 

letting  the  men  know  what  they 

are  doing    129 

maintenance    Ill,  159 

output    141 

overtime  problem    232 

prediction  of  demand    237 

schedule  and  progress  chart 237 

scheduling  requirements    232 

turnover 83,  108,  141,  153,  159 

cost  of   11»8 

Law  of  variation  shown  by  curve. .  348 

Leaking  steam,  cost  of 171 

Lettering  charts   57,  68 

Light  and  power  service 193 

Light   distribution    315 

Light,  effect  on  egg  production  ....  315 

Lighti        cost  of  electric    527 

Lineshaft  bearings,  friction  of    ....  321 

Living,  cost  of    532 

Load,  eccentric,  for  columns   449 

Loads,  engine  frame    464 

safe,  on  piles   351 

Locomotive  horsepower    362 

Locomotive   requirements    251 

Logarithmic  chart   4,  12,  14,  424 

Logarithmic   graduation   of   a   scale 

51,  52 

Logarithmic      paper      for      comput- 
ing     353,  362,  423 

Logarithms,   explanation  of    ....  12,  13 

graphic  use  of  51 

M. 

Machinery,  electrica'l,  cost  of 174 

Machines  in  operation 120,  162 

Mains,  trunk    466 

Maintenance,  electric  railway    281 

track     179,  180 

Management     78 

Managerial  problems,  graphic  anal- 
ysis     189,  194 

Manholes,  estimated  cost  of  502 

Manufacturing  costs   ...82,  92,  194,  201 

Mapping,   military    519 

Mapping  reconnaissance    521 

Markets,    trend   of    bond   and    stock 

markets      320 

Material  costs    ^2 


Materials,  expenditures  for   241 

strength  of   309 

Mechanical  drawing,  charts  in 516 

Membership  trends   , 330 

Method  of  making  chart 10 

Mill  buildings,  cost  of    484 

Mixtures,  chart  for    435 

gas  and  chemical 32 

Motor  cars,  cost  of  operation 187 

Motor  truck  performance 163,  164 

Motor  truck  transportation   218 

Negative  direction,  definition    9 

Nomographic  charts    5,     37 

Nomographic  solutions,  of  formulas 

374,  432 

Notations    524 

Number      of      trains      vs.      passing 

points     474 

O. 

Operating     characteristics     of     ma- 
chines    262,  268,  274,  275 

Operating   characteristics    of    plants 

276,   277,   282,  305 

Optical  illusions    55 

Ordinates,  definition  of   9 

Organization    78,     95 

Origin,  definition  of   9 

Output,    labor    141 

fluctuations  in   332 

weekly  and  monthly    159 

Overbuying,  to  prevent   97 

Overtime  problem   232 

P. 

Paint,  life  of   282 

Paper   for   charts    511 

Parabola*  plotting  equation  of    ....  342 

Payroll    curves    239 

Piece  work  rates   145,  149,  153 

Piles,  cost  of  driving  185 

safe   load   on    351 

Pin  moments,  chart  for    375 

Pipes,  flow  of  steam  in   466 

flow  of  water  47 

Plant  costs   193 

hydroelectric     178 

Plant,  refrigerating    277 

Plant  valuation,  unit  prices  for ....  337 
Plants,    electrical,    selection    of    en- 
gines for   177 

operating   characteristics    277 

Plate,  strength  of 455 

Plotting,  curve   58,  342 

Plotting  a  point,  definition 9 

Plotting  an  equation   342 

Plotting    formulas    363 


Polar  charts    .  , 5,  25,  519,  520 

Pola,r,  phartfor  computing   414 
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PAGE 

Polar   co-ordinates 26 

Poles,  cost  of   204 

Population    chart    75 

Population,  pipbable    334 

Positive   direction,    definition    9 

Power,  cost  of 171 

definition  of    12 

purchased  and  isolated  plant   ....    193 
Power  consumers,   revenue  chart...    191 

Power  house  construction 229 

Prediction,  statistical   326,  350 

Preparing  of  charts 56,  70,  71,     77 

Pressures,  allowable  for  engines    . .   464 

boiler    455 

distribution  of  soil 310 

Prices  of  commodities   326 

Prices  of  steel  reflect  demand 327 

Printing  estimates    489 

Problems    solved   by    plotting    equa- 
tion       346 

Production,  effect  of  fatigue   130 

weekly  and  monthly 159 

increased  by  charts    129 

Production  control,  graphic   258 

Profits    81 

Profits,  analyzing  costs  to  increase  194 

Progress  chart   235,  246,  247 

Progress  chart  of  bonus   153 

Prospects,  demonstration  of 530 

Pulley  sizes    480 

Pulp    problems    437 

Pumps,    centrifugal    268 

cost  of   steam    177 

R. 

Pail  wear   320 

Railway  accidents  22 

Railway  fare  schedules   529 

Railway  freight  statistics 23 

Railway      investment      and      traffic 

density     205 

Railway  maintenance,  cost  of. .  .179,  180 

Railway  maintenance,  electric 282 

Railway  meeting  points    474 

Railway  records    529 

Railway   scheduling    249 

Railway  string-lining  curves   476 

Railway  track  elevation    231 

Railway  transportation,  electric   . .  .   284 

Railway  zones    523 

Rate  setting  and  delay  allowances.  .    130 
Rates,  bonus  and  piece  work 

145,   149,  153 

Rations,  trilinear  chart  for   30 

Rectangular  co-ordinates    4,       8 

Rectilinear  chart,  use  of   9,  511 

Reflector,  distribution  curves  for.  . .    314 

Refrigerating  plant    277 

Relative   comparisons,   use  of   semi- 
logarithmic  chart  best  for.  17,     20 

Reinforcement  costs   183 

Repairs,  cost  of    185 

to  automobile,  coBt  of  186 


Research  and  managerial  economics  73 

Resistances,   in   parallel    353 

Rest  periods,  effect  of   130 

Retaining  walls,  cost  of   488 

Rivets,  stress  on   455 

Rivets  for  eccentric  load    399 

Room  centers,  calculation  of   414 

Root,  definition  of    13 

Rope,   size  required    482 

S. 

Safety  work   83,  155,  159 

Sag,  corrections  for    509 

Salary    increases     524 

Sales    82 

Sales,  as  affected  by  crop  yield 100 

as  affected  by  fashion    100 

as  affected  by  prosperity 100 

as  affected  by  shopping  habits...  101 

as  affected  by  weather  99 

Sales  and  collections    107 

Sales  chart,  method  of  makinrj  ....  10 

Sales,  cost,  standard  vs.  actual....  103 

Sales  curves   18 

Sales  manager,  graphs  for   106 

Salesmen,  chart  to  excite  interest  of  106 

efficiency   of    107 

records  of  performance    105 

Scale,  definition    10,  08 

Scale  range  of  logarithmic  chart...  15 

Schedule  and  progress  chart 237 

Scheduling,    railway     249 

Scheduling    and    construction    work 

. 229,   237,  241 

Scheduling    equipment    requirements  251 

Scheduling  labor  requirements    ....  232 

Scheduling   merchant   ships    251 

Scheduling  track  work    231 

Scrapers  for  earth  transportation  . .  490 

Selling,  what  it  should  cost    103 

Selling  price  vs.  cost  of  coal 215 

Semi-logarithmic    charts .5,  17 

Sewer  progress  chart   245 

Ships,  scheduling  merchant   251 

Societies,  trends  of  membership    ...  331 

Soil  pressure,  distribution  of 310 

Spacing  of  railway  stops   249 

Squirrel-cage     motors,     performance 

of    262 

Stability  of  working  force   Ill 

Stacks,  dimensions  of    468 

Stadia   corrections    511 

Stadia  notes,  plotting  of 521 

Standard  vs.  actual  performance. 90,  94 
Standards   for  graphic   presentation 

7,   56,  71 

Statistics,  gas  company    68 

Steam,  cost  of  coal  for   167 

cost  of  leaking 171 

expansion    of    348 

Steam  pipes    466 

Steel  prices  reflect  demand    327 

Steel  reinforcement,  cost  of    183 
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Stenographer's  ability   96 

Stock  and  bond  markets,  trend  of.  .  326 
Stoker  installations,  comparisons  of  275 
Straight  line,  plotting  equation  of.    342 

Strength  of  materials    309 

Stress,  boiler    455 

column    377,  451 

String-lining    curves    476 

Supervision,    hotel    304 

Surveys,  chart  for   414,  522 

T. 

Tapes,  correction  for  sag   509 

Tendencies 326 

Tests  and  experiments,  results  of .  .    309 

Timbers,  measurement  of    411 

Time,  determining  cutting    368 

Time  of  performance,  method  of  de- 
termining       494 

Time  study    130,  162 

Time  study  on  automatic  machines.    139 

Traffic,  predicting  future    335 

Traffic    census    318 

Traffic  density  and  revenue    205 

Traffic  zones   523 

Train  vs.  team  drawn  dump  wagons  316 

Trains,  meeting  points  of   474 

Transformers  for  induction  motors.   262 

Transmission,    iron-wire    205 

Transmission  line  construction    ....    229 

Transmission  line,  copper  477 

Transmission  line  progress  chart.  .  247 
Transportation,    electric    railway    .  .    284 

estimating  cost  of 490 

motor  truck    218 

Transportation  of  material    490 

Trend  of  bond  and  stock  markets   .   326 

Trend  of  prices   532 

Trends    326 
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Trilinear  chart    30 

Trilinear  chart  for  coal  analysis   .  .  34 

Trilinear  charts  for  mixtures    

Trilinear  chart  for  rationing    30 

Truck  efficiency    218 

Truck    performance     163 

Trucking,  economy  of  centralized   .  .  164 
Turnover  labor 

108,  111,  121,  141,  153,  159 

cost    of    118 

Typewriting,   record  of    95 

Typhoid,  sources  of    527 


U. 


Unit   prices   of   material   for   valua- 
tion         337 


V. 


Value,   going    336 

Valuation  of  plant,  unit  prices  for.    337 


W. 


Wage    payments,    bonus    and    piece 

work    145,    149,  153 

Wages  vs.  cost  of  living    159 

Wagons,  tests   of   dump    316 

Walls,  cost  of  retaining   488 

Waste,  elimination  of    83 

Water,  flow  of ; 47 

Water   consumption,   predicted    ....    336 

Wear,  proportion  of  rail  320 

Williams-Hazen    formula    385 

Z. 

Zero  line  should  appear   72 

Zones 521 


Codex  Data  Papers 

Codex  Data  Papers  are  indispensable  for  enabling  you  to  readily  visualize,  in  the 
shape  of  a  simple  curve,  diagram  or  chart,  just  what  is  going  on  in  your  organization. 

Use  Codex  Data  Papers  to  plot  daily,  weekly  or  monthly  comparisons  of  (1) 
orders  received,  shipped  and  in  production;  (2)  labor  and  material  costs  with  selling 
prices;  (3)  gross  earnings,  operating  expenses,  deductions  and  surplus;  (4)  promise 
dates  with  delivery  dates. 

Use  Codex  Data  Papers  to  show  (l)  relative  locations,  to  scale,  of  actual  or 
proposed  equipment  installations,  or  of  building  sites;  (2)  layouts  for  signal-call  fire 
systems,  etc.;    (3)   detail  sketches  of  buildings,  machine  parts,  etc. 

Use  Codex  Data  Papers  for  (l)  records  of  individual  performance;  (2)  diagrams 
of  piece-rate  and  bonus  systems;  (3)  record  of  labor  turnover;  (4)  vacation  charts; 
(5)    organization   charts;    (6)    progress   diagrams. 

Codex  Data  Papers  have  many  unique  features:  correspondence  size,  8V^  x  11  in.; 
multiple  thereof,  17x11  in.;  note  book  size,  4^4  xIVa,  in.;  accurately  ruled  on  tough, 
light,  translucent,  bond  paper;  put  up  in  pads  of  100  sheets,  bound  on  top  and  right- 
hand  edge ;    make   excellent  blue  prints ;    and   are  very   reasonable   in   price. 

PRICES 

RULING                       Si::e  of  Sheet  Size  of  Sheet          Size  of  Sheet 

8V2"xll"  4i4"x7^"              17"xll" 

ptr  pad  per  pad                    per  pad 

20    divisions    per    inch $1.50  $0.75 

16    divisions    per    inch 1.50  .75 

12    divisions    per    inch 1.50  .75 

10    divisions    per    inch 1.50  .75 

8    divisions    per    inch 1.50  .75 

6    divisions    per    inch 1.50  .75 

5    divisions    per    inch 1.50  .75 

4    divisions    per    inch 1.50  .75 

12  divisions  per  inch,  long  way.  •  •      (     i  50  75 
20  divisions  per  inch,   short  way.  .      )       ' 

Millimeters    1.50  .75                        $3.00 

Logarithmic     1.50  .75                          3.00 

Semi-logarithmic 1.50  .75 

Daily  Record  Sheets 3.00 

Logarithmic,    short    way )  q  nn 

Daily  Record,  long  way S  *'•"" 

Polar    Coordinate     1.50  .75 

Isometric     1.50  •         .75 

Trilinear      1.50  .75 

Plain    Tracing    Paper 1.50  .75 

Form  A,  Traverse  Computation  Sheets  1.50 
Form  B,  Traverse  Computation  Sheets  1.50 
Forms   for    Computation    of    Earthwork  1.50 

All  of  the  above  prices  f.  0.   b.   United  States 

Upon  request  we  will  be  glad   to  punch  pads  in  accordance  zvith  your 
specifications. 

Let  us  supply  your  loose-leaf  ring  binders — .stiff,  or  flexible  covers;  can- 
vas, imitation  leather,  or  best  quality  cowhide;  also  indexes  with  linen  or  leather  tan. 
Write  for  prices.      Special  discounts  on  lots  of  6  or  over. 

A  strikingly  effective  labor-saving  device  that  we  handle  is  the 

FITTING  CALCULATOR  for  computing  the  loss  of  power  in 

electrical  conductors.     It  consists  of  3  circular  slide  rules,  by  the 

setting  of  which,  with  necessary  tables  of 

~  con.stants,  the  solutions  are  obtained.     A 

copy  will  be  mailed  to  you  on  approval, 

7.*a7;yt^W^.M^  W       ^^  ^^  returned  within  ten  days  i  f  it  does 

''        '  not  appear,  on  inspection,  to  be  worth 

Avsii  II      many  times  its  price  of  $10.00. 

^^W     CODEX  BOOK  CO.,  Inc. 

iPAr4X>^  19  William  St.  Nsw  York  City 


When  You  Want  An  Engineering  Book 
How  Mucli  Does  It  Cbst  You  NOW? 

The  price  of  the  book  —  yes,  and  then  some! 

Have  you  ever  considered  what  small  units  of  your  time  are  worth? 

WE  HAVE! 

If  your  salary  is  $  25.00  per  week,  one  minute  costs  over  1  cent. 
"      "  "       "  I  50.00    "        "        -         "  "        "     2  cents. 

"      "  "       "  $100.00    "        "        *'         "  "        "     4      " 

Therefore  it  costs  you: 

?  to  find  a  technical  book  store? 

?  to  find  a  clerk  in  the  store? 

?  for  the  clerk  to  find  the  book  (if  they  have  it)  ? 

?  for  the  store  to  get  the  book  (if  they  haven't  it)  ? 

C  grand  total, —  anywhere  from  15  minutes  to  15 
days,  representing  a  very  respectable  sum, 
whether  your  time  is  worth  1  cent  or  4! 

In  contrast  with  the  above,  you  can  have  the  book  put  on  your 
desk  by  the  Codex  Book  Company,  Inc.,  for  2  minutes  of  your  time 
plus  a  1-cent  stamp,  or  a  total  of  ?  cents. 

Our  CODEX  INDEX  comprises  several  hundred  Engineering 
Books  specially  chosen  by  unbiased  experts  from  the  lists  of  all 
publishers.     Each  book  is  the  best  on  its  subject. 

To  anyone  on  our  mailing  list,  to  any  member  of  the  National 
Engineering  Societies,  or  to  any  other  furnishing  satisfactory  refer- 
ences, we  will  send  any  book  listed  in  the  CODEX  INDEX  for  10 
days'  free  examination. 

Write  for  the  CODEX  INDEX  today 

CODEX  BOOK  CO.,  Inc.,  19  William  St.,  NEW  YORK  CITY 


Do  You  Know  that  the 

GRAPHIC  CHART 

Is  the  Most  Effective  Means  for 
Giving  You  Control  of  Your 

OPERATING  COSTS? 
SALES  EXPENSES? 
MACHINE  OUTPUT? 
LABOR  TURNOVER? 

And  101  other  elements  of  your  business? 

Do  you  know  what  kind  of  chart  is  the  most 
efficient  for  YOUR  SPECIAL  PURPOSE  and  busi- 
■ness? 

Can  you  make  up  such  a  chart  without  spending  a 
week  or  a  month  to  study  the  subject?  and  then, 
after  it  is  made  up,  is  it  clear  and  convincing? 

If  your  answer  to  these  three  questions  is  YES, 
you  ought  to  be  on  the  staff  of  the  Construction 
Service  Company. 

If  your  answer  is  NO,  you  should  employ  the 
CONSTRUCTION  SERVICE  COMPANY  to 
design  and  produce  the  charts  best  adapted  to  your 
special  requirements. 


CONSTRUCTION  SERVICE  COMPANY 

15  WILLIAM  STREET  NEW  YORK,  N.  Y. 


UBR^RV 
USE  UNTIL 
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